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EXPLORATORY POLYMER SYNTHESIS 
NASA Grant NGL-004-001 
I. In t roduc t ion .  
The c u r r e n t  r e sea rch  e f f o r t  under t h i s  g r a n t  i s  be ing  d i r e c t e d  e n t i r e l y  t o  
t h e  s y n t h e s i s  of polymers of  enhanced conduc t iv i ty  and t o  t h e  exp lo ra t ion  of  
t h e  s t r u c t u r a l  parameters  which c o n t r i b u t e  t o  conduc t iv i ty .  
approach t o  achiev ing  t h i s  o b j e c t i v e ,  polymeric azomethines which con ta in  h e t e -  
t o c y c l i c  aromatic  t e r t i a r y  n i t r o g e n  atoms as p a r t  o f  t h e  l i n e a r  cha in  have been 
A s  t h e  f i r s t  
s e l e c t e d  as  candida tes .  These polymer systems were descr ibed  i n  t h e  r e sea rch  
proposal  f o r  t h i s  g r a n t  submit ted t o  NASA October I, 1968. Typica l  polymers 
are  t h e  polyazomethines r e l a t e d  t o  t h e  Sch i f f  bases  i n  which the  benzene r i n g s  
a re  rep laced  by py r id ine  r i n g s ,  f o r  example, 
It i s  be l i eved  t h a t  t h e s e  polymers (1) s a t i s f y  t h e  requirements  a s  donors 
i n  cha rge - t r ans fe r  complexes, (2) can be qua tern ized  pe rmi t t i ng  t h e  a t t a c h -  
ment of  s h o r t  o r  long branches,  inc luding  d i p o l e  dye molecules a s  branches,  
t o  t h e  backbone, and (3) t h e  qua tern ized  i o n i c  s i t e  can be complexed wi th  
accep to r s  t o  y i e l d  charge t r a n s f e r  complexes. 
Since it i s  i.mportant t h a t  t h e  parameters  t h a t  c o n t r i b u t e  t o  conduction 
be understood, and s i n c e  polymer molecules themselves a r e  complex substances 
i n  which t h e  causes  f o r  small  o r  s u b t l e  changes i n  p r o p e r t i e s  a r e  d i f f i c u l t  to .  
e s t a b l i s h ,  i t  was cons idered  e s s e n t i a l  t h a t  p ro to type  monomeric molecules,  
which a r e  s i m i l a r  i n  s t r u c t u r e  t o  t h e  r e p e a t i n g  u n i t s  i n  t h e  polymer molecules,  
be s t u d i e d  f i r s t  and understood. For t h i s  reason  t h e  r e sea rch  has  been d iv ided  
i n t o  two p a r t s .  The f i r s t  p a r t  d e a l s  w i th  monomers, t h e i r  syntheses  and 
pro to type  r e a c t i o n s ,  e s s e n t i a L l y  r e l a t e d  t o  t h e  r e a c t i o n s  contemplated wi th  
1 
polymers, have been eva lua ted  with t h e  monomers. 
The second p a r t  of t h e  problem d e a l s  wi th  t h e  s y n t h e s i s  of pyr id ine- type  
Sch i f f  base polymers and of c e r t a i n  s p e c i f i c  d e r i v a t i v e s  therefrom; t h e  syn- 
t h e s i s  w i l l  be  based on chemistry e s t a b l i s h e d  as d e f i n i t e  by pro to type  s t u d i e s .  
Some pre l iminary  s t u d i e s  on polymer s y n t h e s i s  were performed during t h e  e a r l y  
per iod  of t h i s  s tudy ,  p r imar i ly  t o  e s t a b l i s h ' t h a t  t h e  pyr id ine- type  Sch i f f  
base  polymers could be synthes ized;  t h e  pre l iminary  d a t a  confirmed t h a t  poly- 
mers of t h i s  type  were f e a s i b l e ' a n d  t h e  r e s u l t s  were summarized i n  t h e  f i r s t  
Informal  Quar t e r ly  S t a t u s  Report  f o r  t h e  per iod  1 February 1969 t o  30 A p r i l  
1969. Since  A p r i l ,  1969 no e f f o r t  has  been expended on t h e  syntheses  of poly- 
mers ; a l l  e f f o r t  has  been devoted t o  t h e  s tudy  of t h e  r e a c t i o n s  of pro to type  
molecules t o  a s s u r e  t h e  accuracy of  t h e  s p e c i f i c  chemistry when it i s  app l i ed  
t o  t h e  pyr id ine- type  Schi f f -base  polymers. This  dec i s ion  was n e c e s s i t a t e d  by 
t h e  f a c t  t h a t  t h e  s t u d i e s  on t h e  pro to type  molecules d i sc losed  previous ly  
unknown c h e n i s t r y  f o r  t h e s e  subs t i tu . ted  py r id ines ,  and t h e  type  of  chemistry 
encountered was i n  marked c o n t r a s t  wi th  t h e  chemistry t h a t  was expected on 
t h e  b a s i s  of publ ished py r id ine  chemistry.  
S u b s t a n t i a l  p rogress  has  been made on the  chemistry and understanding of 
t h e  pro to type  r e a c t i o n s .  Thus, i t  i s  expected t h a t  t h e  syn thes i s  of t he  poly- 
mers and t h e i r  pos t - r eac t ions  w i l l  be resumed wi th in  t h e  very  near  fu tu re .  
Th i s  y e a r l y  r e p o r t  summarizes t h e  r e s u l t s  ob ta ined  during t h e  f o u r t h  
q u a r t e r  t oge the r  wi th  those  of t h e  t h r e e  prevcous q u a r t e r l y  r e p o r t s .  
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11. Experimental: Monomers and Model Compounds. 
A. Source of Reagents. 
All of the materials used in this investigation were either prepared using 
standard laboratory techniques, or were obtained from commercial sources and 
purified, if necessary, before use. 
2-Acetylpyridinea 2,6-diaminopyridinea 3,6-diaminoacridine, acriflavine, 
and phenosafranine were purchased from the Aldrich Chemical Company. 
Methyl iodide, benzaldehyde, zinc chloride, and sodium carbonate were 
purchased from the J. T. Baker Cor.poration. 
Acetonitrile was purchased from the Matheson, Coleman and Bell Company. 
2-Aminopyridine and aniline were purchased from the Matheson, Coleman 
and Bell Division of the Matheson Company. 
Tetracyanoethylene was purchased from the Eastman Kodak Company. 
2,6-Diacetyl.pyrFdine was purchased 
Company. 
The nitrogen used in this research 
which contained less than two parts per 
from the Cl-eveland Wire Division of the 
B. Physical Constants. 
from the Columbia Organic Chemicals 
was high purity, lamp grade nitrogen 
million of oxygen and was purchased 
General Electric Company. 
Melting points were determined on a Meltemg melting point apparatus and 
are uncorrected. Boiling points are also uncorrected, 
The infrared spectra in this investigation were recorded on a Perkin- 
Elmer Model 457 grating spectrophotometer. 
The nuclear magnetic resonance spectra were recorded on a Varian Model 
A60A nuclear magnetic resonance spectrometer. 
All the differential thermal analyses were made on a du Pont 900 Differ- 
ential Thermal Analyzer. 
Elemental analyses were performed by the Midwest Microlab, Indianapolis 
3 
t 
Indiana. 
All weighings were performed on a Mettler Balance. 
C. Purification of Reagents. 
1. Purification of Aniline. 
Reagent grade aniline was distilled through an 18" glass-helices packed 
coluxn in a nitrogen atmosphere. The fraction distilling at 97-99"C/40 irm Hg 
was collected and stored under nitrogen. 
2. Purification of Benzaldehyde. 
Reagent grade benzaldehyde vas distilled through an 18" column packed 
with glass helices and equipped with a partial takeoff distillation head. Dis- 
tillation was performed under nitrogen at a reflux ratio of five to one using 
a capillary bleeder. The middle fraction boiling at 8O-8l0C/40 m Hg was 
collected and stored under nitrogen. 
3. Purification of 2,6-Diaminopyridine. 
2,6-Diaminopyridine was purified by recrystallization from a benzene so lu-  
tion containing activated charcoal. The recrystallized 2,6-diaminopyridine 
appeared as white platelets melting at 120-121°C (lit., mp 12OOC) and was 
stored under nitrogen. 
4 .  Purification of 3,6-Diaminoacridine. 
3,6-Diaminoacridine was purified by recrystallization from a water so lu-  
tion containing activated charcoal. The recrystallized 2,6-diaminoacridine 
melted at 282-283°C (lit., mp 283°C) and was stored under nitrogen. 
.D. - Syntheses. 
1. Preparation of kzomethine Model Compounds Containing 
Aromatic Nitrogen Heterocycles. 
a. Preparation of 2- (Benzy l ideneamino~yr id ine .  _u 
-_I___ 
Into a 50-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed 2-aminopyridine (2.63 g,  28 mole), 
4 
t.. 
benzaldehyde (3.26 g, 31 mmole), and 25 ml of dry benzene. The reaction mix- 
ture was heated to reflux and after twenty-four hours, 0.5 ml of water was 
collected in the Dean-Starfc trap. Evaporation of solvent yielded a dark brown 
oil, which, upon vacuum distillation, yielded 2-benzylidene-aminopyridine, a 
D 
light yellow oil, 4, .38 g ( 8 6 % ) ,  bp 102"C/0.2 nun Hg, nD d.6498 (lit., n21=1. 6564) . 25 
Infrared spectrum (neat) (Appendix l), 3220 cm" shoulder, weak (N-R) ; NNR 
(CDC13/TMS) 9.1s (1,s -CH=N-), - 8.5-6.9J(lO,m, aromatic protons). 
Analysis: Calc'd for C12HloN2 : 
C, 79.12; H, 5.49; N, 15.35. 
Found: C, 77.26; H, 5.75; N, 14.20. 
b. Preparation of 2-Pyridylcarboxyl ideneani l ine.  
Into a 50-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed aniline (2.52 g, 27,3 mmole), 2-pyridine- 
carboxaldehyde (3.02 g ,  28.2 mmole) , and 25 ml dry benzene. The reaction mix- 
ture was heated to reflux and after twenty-two hours, a quantitative yield of 
water was collected in the Dean-Stark trap. Upon evaporation of solvent a red 
oil formed which crystallized when cooled. Recrystallization from diethyl 
ether yielded 2-pyridylcarboxyl ideneani l ine 4.35 g (SS%),  mp 36-37OC.  Infrared 
spectrum (mr disc) (Appendix 2), void 3400 cm 
(CDC13/TMS), 8.6 d'(l,s -Cg), 8.7-7.6 5(4,m, pyridine protons), 8 . 4 - 8 . 2 s  
(5,m, phenylene protons). 
-1 to 3100 cm'l (N-H); NMR 
Analysis: Calc'd for CI2Hl0N2 : 
C, 79.12; H, 5.49; N, 15.38. 
Found: C, 78.93; H, 5.76; N, 15.43. 
c .  Attempted Synthesis oE 2-Pyridylcarboxylidene-2-aminopyridine. -
i. By the Continuous Azeotropic Method. 
trap 
Into a lOO-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
and water condenser were placed 2-pyridinecarboxaldehyde (3.02 g ,  28 mmole), 
5 
2-aminopyridine (2.64 g, 28 mmole), and 30 ml dry benzene. The reaction mix- 
ture was heated to reflux and after thirty-six hours 0.4 nil of water were 
collected. 
Recrystallization from benzene yielded colorless cubical crystal, mp 121-122OC. 
Infrared spectrum (KBr disc) (Appendix 3), 3290 cm 
Evaporation of solvent yielded 2.36 g of a yellow-orange solid. 
-1 
amd 3240 cm” (NH). 
Based on the infrared spectrum and the elemental analysis, the compound wad 
identified as a bis derivative: 2-pyridylcarboxal-di-2-aminopyridine 
Analysis: Calc’d for CI6Hl5N5 : 
C, 69.31; H, 5.42; N, 25.27. 
Found: C, 69.10; H, 5.60; N, 25.30, 
ii. By Pyrolysis of 2-Pyridylcarboxal-di-2-aminopyridine. 
Into a reaction tube with side arm equipped with a nitrogen inlet capil- 
lary which extended nearly to the bottom of the tube, was placed 2-pyridylcax-b- 
oxal-di-2-aminopyridine (0.75 g ,  2.6 mio1.e). The tube was placed in an alu- 
minum block preheated to 120°C by an electric mantle controlled by a Proportio- 
Null temperature controller. After three hours of heating, with a slow stream 
of nitrogen passing directly over the molten reactant, the reaction was 
stopped and the product and the condensate were both identified as starting 
material by thin layer chromatography. 
iii. By the Hydrochloride Salt Method. 
Into a 25-ml, one-neck, round-bottom flask equipped with a reflux conden- 
ser ‘were placed 2-aminopyridine hydrochlor5.de (1.57 g ,  12 nmole), 
carboxaldehyde (1.29 g, 12 mole), and 5 ml absolute ethyl alcohol, The re- 
action solution was heated at reflux for forty-eight hours, allowed to cool 
t o  room temperature, and neutralized at 0-5°C with sodium carbonate (0.64 g, 
6 mmole). Extraction of the reaction solution with benzene and subsequent 
evaporation of the benzene yielded a dark oil which slowly crystallized, 
2-pyridine- . 
One 
6 
r e c r y s t a l l i z a t i o n  from benzene y i e lded  a dark  r e d  s o l i d ,  mp l15-11G°C. I n f r a -  
-1 
r ed  spectrum (KBr d i s c )  3290 and 3240 cm (NH);  based on t h e  me l t ing  p o i n t  
and i n f r a r e d  spectrum t h e  compound was judged t o  be t h e  b i s  d e r i v a t l v e ,  2- 
pyridylcarboxal-di-2-aminopyridine. 
d. P repa ra t ion  of 2-Acetylpyridineketani l .  
i. Attempted P repa ra t ion  by Continuous Azeotropjc  Method. 
I n t o  a 50-ml, three-neck,  round-bottom f l a s k  equipped wi th  a Dean-Stark 
t r a p  and water condenser were p laced  2-ace ty lpyr id ine  (2.42 g ,  20 mmoleJ,, 
a n i l i n e .  (1.86 g ,  20 mmole) , concent ra ted  hydrochlor ic  a c i d  (0.148 g ,  1.3% 
by weight r e a c t a n t s ) ,  and 25 m l  toluene.  The r e a c t i o n  s o l u t i o n  was hea ted  a t  
r e f l u x  f o r  f o r t y - f i v e  hours  dur ing  which t i m e  0.2 ml of  water  was c o l l e c t e d ,  
however, t h i n  l a y e r  chromatography ind ica t ed  t h a t  l i t t l e  o r  no r e a c t i o n  had 
occurred ,  
ii. Prepa ra t ion  by t h e  Hydrochloride S a l t  Method. 
I n t o  a 25-ml, one-neck, round-bottom f l a s k  equipped wi th  a r e f l u x  con- 
- 
denser  were p laced  2-ace ty lpyr id ine  (1.34 g ,  11 mmole), a n i l i n e  hydrochlor ide  
(1.34 g ,  11 mmole), and fou r  m i l l i l i t e r s  of abso lu te  e t h y l  a l coho l .  The reac-  
t i o n  s o l u t i o n  was hea ted  a t  r e f l u x  f o r  e igh teen  hours ,  cooled t o  0-5°C and 
n e u t r a l i z e d  w i t h  sodium carbonate  (0.66 g, 11 mmole) t o  yi.eld a yellow s o l i d .  
R e c r y s t a l l i z a t i o n  from benzene y i e lded  2-ace ty lpyr id ineketan i l ,  0.65 g (30%), 
mp 189-190OC. 
3500 cm’l (N-H), 3310 cm-’ (p resent  i n  2-ace ty lpyr id ine  a t  3370 cm’l) ,  1630 
crn-’., (Cd), 785 and 750 c m  
I n f r a r e d  spectrum (KBr d i s c )  (Appendix 41,  vo id  3200 and 3350- 
-1 (5 ad jacen t  aromatic  hydrogens). 
Analys is :  Calc’d f o r  C12H12N2 : 
C, 79.59; H, 6.13; N ,  14.28. 
Found : C, 80.20; H, 5.79; N, 14.01. 
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e. Preparation of p-Xylylidenedi-2-aminopyridine.  
Into a 500-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed terephthaldehyde (1.64 g, 12.2 miole), 
2-aminopyridine (2.28 g, 24.4 mmole), and 150 nil dry toluene. The reaction 
mixture was heated to reflux and after twenty-four hours a quantitative yield 
of water was collected. Evaporation of solvent yielded yellow crystals. Re- 
crystallization from toluene yielded p-xylylidenedi-2-aminopyridine, 2.78 g 
(80%), mp 208"C, (lit., 204OC). Infrared spectrum (KBr disc) (Appendix 5), 
void 3500 cm-' to 3100 cm'l (NH), 1610 cm -1 (CS). 
f. Preparation of N,N1-Di-2-pyridylcarboxylidene-p-phenylenediamine. 
Into a lOO-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed p-phenylenediamine (1.63 g, 15 mmole), 
2-pyridine carboxaldehyde (3.21 g, 30 mole), and 20 ml dry toluene. The reac- 
tion mixture was heated t o  reflux and after nineteen hours a quantitative 
yield of water was collected. Evaporation of solvent yielded yellow brown 
needles, recrystallization from toluene-ethanol yielded N,N1-di-2-pyridyl- 
carboxylidene-p-phenylenediamine, 3.99 g (93%), mp (differential thermal analy- 
sis, 15"C/min) 146°C. Infrared spectrum (KBr disc) (Appendix 6) , void 3500 
cm -1 (NH), 1620 cm-l (C=N); NMR ICDCl3/TMS), 8.6-8.45 d'(4,m), 8.25-7.15 
(10,m) 
Analysis: Calc'd for C18H14N4 : 
C, 75.03; H, 4.90; N, 19.58. 
Found: C ,  75.87; H, 5.10; N, 19.03. 
g. Prepaiat ion of 2,5 -Diacetylpyridinediketanil. 
Into a 250-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed 2,G-diacetylpyridine (2.61 g, 16 mmole), 
aniline (3.15 g ,  34 mmole), zinc chloride (0.03 g), and 50 ml dry toluene. 
The reaction mixture was heated to reflux under nitrogen and after fifty hours 
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the solution was allowed to cool and filtered. Evaporation of solvent gave a 
yellow solid, which, upon recrystallization from tol.uene yielded 2,6-diacetyl- 
pyridinediketanil, 0.93 g (19%), mp (differential thermal analysis 15OC/rnin) 
-1 
161OC. 
region (NH), void at 1700 cm 
( s ,6)  4.2-3.35 $(m, l o ) ,  and 5.1-4.35&m, 3). 
Infrared spectrum (mr disc) (Appendix 7), void in 3500 to 3100 cm 
-1 -1 
(C=O), and 1630 cm (CS); NIR (CDC /"MS) 2.4J 
Analysis: Calc'd for C21H19N3 : 
C, 80.51; H, 6.07; N, 13.42. 
Found: C, 80.35; H, 6.2%; N, 13.37. 
h .  Preparation of 3,6-Di-(benzylideneamino)acridine. 
Into a 500-ni1, three-neck, rouad-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed 3,6-diaminoacridine (3.01 g, 14 mole), 
benzaldehyde (4.20 g ,  40 mole), p-toluenesulfonic acid (0.01 g), and 250 ml 
dry tol.uene. The reaction mixture was heated to reflux and after ninety hours 
of reflux nearly a quantitative yield of water was collected. Evaporation of 
the solvent yielded a yellow-orange product, which, upon recrystallization from 
toluene yielded 3,6-di-(benzylideneamino)acridine, 3.36 g (57%), mp (differ- 
ential thermal analysis) 212OC. Infrared spectrum (KBr disc) (Appendix 8), 
void in 3500 cn;' to 3100 cm -1 -1 region (NH), 1630 cm (-C=N-). 
Analysis: Calc'd for Cz7H1gN3 : 
C,  84.16; H, 4.94; N, 10.91. 
Found: C, 83.71; H, 5.91; N, 11.03. 
' i. Attempted Synthesis of 2,6-Di-(benzylideneamino)pycidin.e. 
i. By Azeotrope Condensation. 
Into a 500-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed 2,6-diaminopyridine (15.50 g, 140 mole), 
benzaldehyde (29.67 g ,  280 m o l e ) ,  and 250 nil dry benzene. The reaction mix- 
ture was heated for twenty-four hours, during which time 4.2 ml water were 
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c o l l e c t e d  i n  t h e  t r a p .  P r e c i p i t a t i o n  by t h e  a d d i t i o n  of 200 m l  hexane y i e lded  
10.26 g o f  a yellow powder. R e c r y s t a l l i z a t i o n  from to luene  y i e lded  a yellow 
powder, mp wi th  decompositYon 258-263°C. I n f r a r e d  spectrum (KBr d i s c ) ,  3350 
c m  broad band (N-H); vapor phase osmometry ( te t rahydrofuran)  y i e lded  a mole- -1 
c u l a r  weight o f  1200 g/mole i n d i c a t i n g  a polymeric product .  
Analys is :  Calc 'd  f o r  C19H15N3 : 
C, 79.96; H, 5.30; N ,  14.72. 
Found: C ,  76.99; H, 5.87; N ,  15.92. 
ii. Condensation wi th  Slow Addit ion of 2,6-Diaminopyridine. 
I n t o  a 250-ml, three-neck,  round-bottom f l a s k  equipped wi th  an  i n j e c t i o n  
p o r t ,  a Dean-Stark t r a p  and water  condenser were p laced  benzaldehyde (3.68 g ,  
35 mmole) and 60 m l  d ry  benzene. The system was thoroughly f lushed  wi th  
n i t rogen  and hea ted  t o  r e f l u x .  2,6-Diaminopyridine (1.0002 g ,  9.1 mmole) was 
d i s so lved  i n  100 n i l  ho t  benzene. Seventy m i l l i l i t e r s  of t h i s  warm s o l u t i o n  
were added i n  t e n  m l  a l i q u o t s  by sy r inge  over a pe r iod  of s i x  hours .  T h e  
remaining s o l u t i o n  was added over a pe r iod  of seven hours  i n  two m l  a l i q u o t s .  
Af t e r  a t o t a l  r e f l u x  t i m e  of twenty hours ,  a n e a r l y  q u a n t i t a t i v e  y i e l d  of 
water was c o l l e c t e d  i n  t h e  Dean-Stark t r a p .  One hundred m i l l i l i t e r s  of benzene 
were d i s t i l l e d  from t h e  solution' ,  then  s i x t y  m i l l i l i t e r s  o f  n-hexane were 
added t o  p r e c i p i t a t e  1.38 g of  a yellow powder, mp wi th  decomposition, 258- 
263"C, similar t o  t h e  polymeric product ob ta ined  us ing  t h e  azeo t rop ic  tech-  
n ique  g iven  immediately above. 
The yellow powder was r e c r y s t a l l i z e d  from to luene  and product  was COP-  
l e c t e d  a t  va r ious  s t a g e s  o f  so lven t  evapora t ion .  The i n f r a r e d  spectrum o f  
each s t a g e  contained a broad peak cen te red  a t  3380 cm'l (N-H). 
iii. By Amine Exchange wi th  _____r Dibenzylideneazine.  
I n t o  a polymerizat ion r e a c t i o n  tube w i t h  s i d e  arm equipped w i t h  a n i t rogen  
... 
i n l e t  and c o l l e c t i o n  f l a s k  were p laced  2,6-diaminopyridine (0.50 g ,  4.5 mmole) 
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and dibenzyl ideneazine (0.94 g ,  4 .5  m o l e ) .  
wi th  n i t r o g e n  and placed i n t o  a preheated block a t  100°C f o r  t h i r t y  minutes ,  
The system was thoroughly f lushed 
dur ing  which t i m e  a homogeneous m e l t  s o l u t i o n  formed. Then, t h e  r e a c t i o n  
mixture  was hea ted  f o r  f i f t y -minu te  i n t e r v a l s  a t  120, 150 and 175°C. F i n a l l y ,  
t h e  system was hea ted  f o r  t h r e e  hours  a t  175°C wi th  a slow stream of  n i t r o g e n  
pass ing  d i r e c t l y  over  t h e  inelt so lu t ion .  The s o l i d  was c o l l e c t e d  and chroma- 
tographed on s i l i c a  g e l .  E lu t ion  wi th  e t h y l  a c e t a t e  f a i l e d  t o  achieve  sepa- 
r a t i o n  of t h e  complex mixture  of r e a c t i o n  products ,  some o f  which were poly-  
m e r  i c  . 
i v .  By t h e  Hydrochloride S a l t  Method. 
a) Prepa ra t ion  of  2,6-Diaminopyridine Monohydrochloride. 
I n t o  a 500-nil Erlenmeyer f l a s k  were p laced  2,6-diaininopyridine (1,000 g ,  
9.1 mnole) and 150 ml anhydrous d i e t h y l  e t h e r .  Hydrogen c h l o r i d e  wes bubbled 
through t h e  s o l u t i o n  u n t i l  p r e c i p i t a t i o n  was complete. The whi te  product was 
c o l l e c t e d  by f i l t r a t i o n ,  washed wi th  d i e t h y l  e t h e r  acd d r i e d  t o  y i e l d  2,6- 
diaminopyridine monohydrochloride, 1.31 g (99%). 
Analys is :  Calc 'd  f o r  c ~ I ~ ~ N ~ c ~ -  : 
C, 41.24; Hj 5-49;  N, 28.93; C 1 ,  24.39. 
Found: C,  40.28; H, 5.94; N ,  27.92; C 1 ,  23.97. 
b l y r i d i n e  Monohydrochloride w i t h  Benzaldehyde. 
I n t o  a 100-ml Erlenmeyer f l a s k  were p laced  2,6-diaminopyridine mono- 
- hydrochlor ide  (2.31 g ,  8.9 m o l e ) ,  benzaldehyde (2.10 g,  20 mmole), and 10 m l  
abso lu t e  e t h a n o l ,  The s o l u t i o n  was s t i r r e d  a t  room temperature  f o r  two h o u r s , ,  
cooled t o  5°C; and n e u t r a l i z e d  wi th  sodium carbonate  (0.75 g ,  7.1 m o l e )  t o  
y i e l d  a yellow p r e c i p i t a t e .  The yellow product  was d i s so lved  i n  to luene ,  
however, i t  would no t  c r y s t a l l i - z e  out  of  t h e  s o l u t i o n  and upon cool ing  t h e  
s o l u t i o n  became ve ry  v iscous .  Complete evapora t ion  of so lven t  y i e lded  a g las sy ,  
polymeric ' so l id ,  mp 95-99"C, and t h e  d e s i r e d  compound was n o t  ob ta ined .  
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Infrared spectrum (KBr disc) 3380 cm broad, medium (N-H). 
v. By Acetal Exchange. 
Into a 25-ml, three-neck, round-bottom flask equipped with a thermometer 
and a reflux condenser were placed 2,6-diaminopyridine (0.55 g, 5 mole) and 
benzaldehyde diethyl acetal (1.82 g, 10 mole). The reaction solution was 
heated for two and one-half hours during which time the vapor temperature was 
recorded. 
forty-five minutes; then it continued to climb past 100°C at which time the 
The vapor temperature slowly rose to 82434°C where it remained for 
reaction was halted. Thin layer chromatography indicated that some polymeric 
material had formed and only a trace of non-polymeric product had formed. 
vi. By Direct Condensation Using Benzaldehyde as Solvent. 
Into a 50-ml, three-neck, round-bottom flask equ-ipped with a reflux con- 
denser were placed 2,6-diaminopyridine (1.06 g ,  9.7 mmole) and 25 ml of freshly 
distilled benzaldehyde. The solution was stirred for one hour under a nitrogen 
atmosphere and then 17 ml. of benzaldehyde were vacuum distilled from the solu- 
tion to yield a slightly viscous orange solution which hardened upon cooling 
to 5OC. 
and the infrared spectrum exhibited a broad medium peak centered at 3380 cm . 
Precipitation with hexane yielded a rubbery, polymeric yellow solid; 
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j. Attempted Synthesis of 2,6-Di-(OC-methylbenzylideneamino)pyridine. 
Into a 250-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed 2,6-diaminopyridine (1;09 g ,  10 mmole), 
acetophenone (2.47 g, 20 mmole), conc. hydrochloric acid (0.07 g )  and 50 ml 
dry toluene. 
The reaction solution was heated at reflux under nitrogen for two hundred 
thirty-six hours during which time approximately 0.2 ml water was collected 
in the trap. The solution was allowed to cool and filtered. Evaporation of 
solvent yielded a dark viscous oil which consisted of  four compoimds. The 
o i l  was paper chromatographed. Elution with ethyl acetate and a number of  
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o t h e r  s o l v e n t s  f a i l e d  t o  achieve  sepa ra t ion .  
k. Attempted Synthes is  of 2,8-Di(benzylideneamino)-lO-phenylphenazine. 
i. By Condensation i n  Benzaldeh&. 
I n t o  a 500-ml, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 
denser  were p laced  phenosafranine (4.34 g, 13.4 m o l e ) ,  p - to luenesul fonic  a c i d  
(0.01 g ) ,  and 100 m l  benzaldehyde. The r e a c t i o n  mixture  was thoroughly f lushed 
wi th  n i t rogen ,  and hea ted  t o  r e f l u x  under a n i t r o g e n  atmosphere f o r  s i x  hours .  
The water  of r e a c t i o n  and t h e  excess  benzaldehyde were vacuum d i s t i l l e d  from 
t h e  s o l i d  y i e l d i n g  a pu rp le  r e s idue .  R e c r y s t a l l i z a t i o n  from 95% e t h y l  a l coho l -  
water, followed by washing wi th  b o i l i n g  water gave a purp le  powder which d id  
no t  m e l t  upon h e a t i n g  t o  350°C. I n f r a r e d  spectrum (Dr d i s c )  3200 t o  3420 
cm'l broad shoulder  (N-H), 700 and 760 c m - I  s t r o n g  ( f i v e  ad jacent  aromatic  
hydrogens).  
Analys is :  Calc 'd  f o r  C32H23NrtC1 : 
C ,  77.03; 11, 4.64; N ,  11.25; C1, 7.08. 
Found: C,  79.70; H, 5.15; N ,  6.95; C1, 2.36. 
The d e s i r e d  compound was n o t  obtained.  
ii. By Amine Exchange. 
I n t o  a po lymer iza t ion  tube wi th  side-arm equipped wi th  a d i s t i l l a t i o n  
adaptor  and c o l l e c t i o n  f l a s k  were p laced  phenosafranine (0.32 g ,  1 m o l e )  and 
benzyl ideneani l ine  (1.81 g ,  10 miole) .  The r e a c t i o n  mixture  ~ 7 a s  hea ted  under 
a n i t r o g e n  atmosphere f o r  t h r e e  and one-half  hours  a t  150"C, followed by one 
and ,one-ha l f  hours  a t  200°C. The system was then  hea ted  a t  150°C a t  0.55 ~ r n  H g  
f o r  seven and-one-ha l f  hours  dur ing  which t i m e  a few drops of a n i l i n e  were 
c o l l e c t e d  i n  t h e  c o l l e c t i o n  f l a s k .  The r e a c t i o n  t ias cooled t o  room tempera- 
t u r e ,  e x t r a c t e d  twice wi th  50 ml b o i l i n g  hexane and once wi th  100 n i l  h o t  ben- 
zene, d r i e d  t o  y i e l d  0.29 g of a pu rp le  powder. 
3420 cm'l and 3280 ern-' (N-H), 750 and 700 cm"' (5 ad jacen t  aromatic  hydqogens). 
I n f r a r e d  spectrum (KEr d i s c )  
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The d e s i r e d  compound was n o t  ob ta ined .  
iii. React ion of Phenosafranine wi th  Aqueous Sodium Hydroxide. 
I n t o  R 250-rn1, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 
denser  were placed phenosafranine (1.00 g ,  3 . 1  m o l e ) ,  sodium hydroxide (0.12 g ,  
3.1 m o l e ) ,  and 50 m l  water. The r e a c t i o n  mixture  was hea ted  a t  r e f l u x  under 
n i t r o g e n  f o r  one and one-half  hours ,  allowed t o  c o o l  and f i l t e r e d .  The r e s idue  
was washed i n  200 m l  o f  h o t  water, f i l t e r e d  and d r i e d  t o  y i e l d  0.23 g of  a 
green s o l i d ,  mp ( d i f f e r e n t i a l  thermal  a n a l y s i s ,  15"Clmin) 301°C. I n f r a r e d  
spectrum (KBr d i s c )  (Appendix 9) , 3320 and 3260 cm'l (N-H), 1590 c m - l  (C=N). 
Analysis :  Calc 'd  f o r  2-amino-lO-phenylphenazin-8-one, C18H13N30 : 
C y  75.00; H, 4.84; N ,  14.58; 0, 5.56. 
Found: C ,  72.27; H ,  4.54; N ,  14.64; 0, 8.54; G I ,  0.00 
1. Attempted Synthes is  of 3,6-Di(benzyl-ideneamino) -10- 
methy l ac r id in ium Chloride.  
I n t o  a 25-1111, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 
denser  were p laced  a c r i f l a v i n e  (0.30 g ,  0.7 mnole), p - t o l u e n e s u l f o n i c  a c i d  
(0.001 g) and 20 m l  benzaldehyde. The r e a c t i o n  mixture  was thoroughly f lushed  
wi th  n i t rogen ,  hea ted  t o  r e f l u x  under a n i t r o g e n  atmosphere f o r  t h i r t y - s i x  
hours .  The system was allowed t o  coo l  and f i l t e r e d  y i e l d i n g  a brown r e s i d u e  
which was d i s so lved  i n  benzene and then  p r e c i p i t a t e d  w i t h  hexane twice t o  
y i e l d  0.06 g of a brown powder: mp ( d i f f e r e n t i a l  thermal  a n a l y s i s )  293°C. 
I n f r a r e d  spectrum (KBr  d i s c )  3380 cm"' broad (N-H), 1720 c m - I  ( C d ) ,  1660 cm-l, 
1595 cm'l (Cd) and 700 and 750 c m - I  (5 ad jacen t  aromatic  hydrogens).  
Analysis :  Calc 'd f o r  C28H22N3Cl : 
C,  77.20; H,  5.00; N ,  9.60; C1, 8.10. 
Found: C ,  81.4.8; H, 4.59; N ,  4.79; C1, 3.69. 
\ 
The d e s i r e d  compound was no t  obtained.  
m. Attempted Preparation of DG,K'-Dimethyl-p-xylylidene-di-2- 
aminopyridine . 
Into a lOO-ml, three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed lY4-diacetylbenzene (1.62 g ,  10 mole), 
2-aminopyridine (1.88 g, 20 mmole)gzinc chloride (0.162 g), and 20 in1 dry 
toluene. 
so the system.was cooled to room temperature. 
cated that a small. amount of two reaction products had formed. The filtrate 
was paper chromatographed. 
ration. 
After ninety-three hours of reflux no water was collected in the trap, 
Thin layer chromatography indi- 
Elution with ethyl acetate failed to achieve sepa- 
The desired compound was not isolated. 
n. Attempted Synthesis of 2,6-Di-(~-rnethylcarboxylidene-2- 
amin0pyridine)pyridine. 
i. By the Continuous Azeotropic Method. 
Into a 500-mlY three-neck, round-bottom flask equipped with a Dean-Stark 
trap and water condenser were placed 2,6-diacetylpyridine (2.49 g, 15 mole), 
2-aminopyridine (2 .96  g, 30 mole), p-toluenesulfonic acid (0.028 g), and 60 
m?. dry toluene. The system was heated under a nitrogen atmosphere to reflux 
for ninety-four hours during which time only 0.1 ml of water had been collected. 
The solution was neutralized with sodium carbonate (0.037 g). Thin layer 
chromatography indicated the presence of two reaction products in addition to 
the reactants. The solution was chromatographed on silica gel. Elution with 
ethyl acetate failed to achieve separation. 
ii. By the Hydrochloride Salt Method. 
.Into a 25-ml Erlenmeyer flask were placed 2-aminopyridine hydrochloride 
(1.59 g, 12 mole), 2,6-diacetylpyridine (0.37 g ,  6 mole), and 7 ml absolute 
ethyl alcohol. 
neutralized with soddum carbonate (0.64 g, 12 mole), to yield white crystals 
which were filtered and identified as 2,6-diacetylpyridine. Thin layer chro- 
matography indicated that the mother liquor contained only starting material. 
The solution was stirred thirty-two hours at room temperature, 
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2. The Quaternary Der iva t ives  of Pyr id ine- type  Monomers. 
a .  Q u a t e r n i z a t i o n  
The fol lowing i s  a t y p i c a l  example o f  t h e  procedure used t o  q u a t e r n a r i z e  
of  p-Xxlylidene-di-2-aminopyridine wi th  Methyl Iodide .  
p-xylylidene-di-2-aminopyridine. 
I n t o  a 25-ml ,  three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 
denser  and thermometer were placed p-xylylidene-di-2-aminopyridine (0.25 g, 
0.87 m o l e ) ,  methyl i od ide  (0.25 g,  1.74 m o l e )  and 5 m l  dry  ni t romethane.  The 
r e a c t i o n  mixture  was hea ted  under a n i t r o g e n  atmosphere a t  50°C f o r  seven hours ,  
al lowed t o  c o o l ,  then  s t i r r e d  a t  room temperature  f o r  fou r t een  hours  and f i l -  
t e r ed .  Evaporation of t h e  so lven t  y i e lded  0.22 g of  a n  orange s o l i d ,  mp 95- 
96°C. I n f r a r e d  spectrum (KBr d i s c )  (Appendix 10); s p e c i f i c  assignments were 
n o t  a b l e  t o  be  made due t o  t h e  number of moie t i e s  absorb ing  i n  similar reg ions .  
The fol lowing bands are e i t h e r  not presen t  i n  t h e  s t a r t i n g  material  or are 
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s h i f t e d :  1650, 1625, 1520, 1315, 1175, 1025, 760 and 500 cm , 
Analysis :  - Calc 'd  f o r  C20H20N412 : 
C, 42.11; H, 3.51; N, 9.82; I, 44.56. 
Calc 'd  f o r  C20H2oN4T2*CH3N02 : 
6,39.94; H, 3.65; N, 11.09; I, 40.25; 0, 5.07. 
Calc 'd  f o r  C ~ O H ~ O N ~ I ~ ' ~ C H ~ N O ~  : 
C, 35.30; H, 3.75; N ,  12.12; I, 36.58; 0, 9.25. 
Found: C, 44.34; H, 4.78; N, 12.96; I, 28.34; 0, 9.58 (by d i f f . )  
The iod ide  conten t  of  t h i s  product  was lower than  t h e  t h e o r e t i c a l  f o r  t h e  
des i r ed  compound; most of  t h e  product was t h e  mono-quaternary d e r i v a t i v e .  
The d a t a  of t h i s  experiment and t h e  da t a  of o t h e r  experiments us ing  methyl 
i od ide  as a qua t , e rn i za t ion  reagent  a r e  sumniarized i n  Table  1. 
The r e a c t i o n  o i  t h e  Sch i f f  base  wi th  4 moles of CH31 was performed i n  
The product  was i s o l a t e d  by p r e c i p i t a t i o n  wi th  CH3N02 a t  50°C f o r  n i n e  hours .  
benzene o r  e t h e r  and found t o  be a mixture  of  25% mono-quaternary and 75% d i -  
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Table  1 
Data on t h e  Qua te rn iza t ion  of p-Xylylidene-di-2-aminopyridine 
%hese va lues  a r e  f o r  t h e  d i -qua ternary  s a l t ,  C20iI20NqI~. 
bCalc'd €or  C20H20N4I2*CH3N02:CY 39.94; H, 3.65; N, 11.09; I, 40.25; 0, 5.07. 
"Compare t h i s  a n a l y s i s  wi th  t h e  t h e o r e t i c a l  va lues  f o r  1-methyl-2-aminopyridiniun i od ide ,  
$h is  va lue  was determined by d i f f e r e n c e .  
Calc 'd f o r  C20H20N412'2CH3N02 : C ,  38.30; H, 3.75; N, 12.12; I, 36.58; 0, 9.25. 
CgHgN2I : C ,  30.72; H, 3.91; N, 12.18; I, 53.32, 
Table 1 (cont.)  
Data on t h e  Quatern iza t ion  of p-Xylylidene-di-2-aminopyridhe 
~- 
Time: hours  
%'hese values  a r e  f o r  t h e  qua ternary  s a l t ,  C ~ O H ~ O N ~ S O ~ .  
'Calc'd f o r  C20H201~4S04-3 m-Cresol: C y  67,IG; H, 5.62; N ,  7.65; S ,  4.37; 0, 15.2s. 
Calc'd f o r  C ~ O H ~ ~ N ~ S Q ~ * ~  m-Cresol: C y 68.62; E, 5.72; N ,  6.67; S ,  3.82; 0, 15.25. 
gT'nese va lues  a r e  f o r  t h e  qua ternary  s a l t ,  C ~ ~ H Z ~ N ~ S ~ O S .  
%a lc ' d  f o r  C ~ ~ H ~ S N ~ S Z O ~ * C H ~ N ~ ~ :  C y  46.08; H, 4.84; N ,  11.64; S,  10068; 0, 26.72. 
-F 
quaternary  d e r i v a t i v e s  complexes wi th  1.75 moles of  CH3N02 .  The r e a c t i o n  of  
t h e  Sch i f f  base  wi th  4 moles of C H 3 1  was performed i n  CH3NO2 a t  5 0 ° C  f o r  twenty- 
four  hours.  The p r e c i p i t a t e d  product was t h e  d i -qua tern ized  Sch i f f  base.  
Thus, t h e  q u a t e r n i z a t i o n  
c e s s f u l ,  bu t  t h e  product  was complexed wi th  1.5 moles of  CH3N02. 
o f  t h e  d i -Sch i f f  base a t  5 0 ° C  was completely suc-  
I n  an  a t tempt  t o  remove t h e  complexed CH3N02, t h e  d i -qua tern ized  pro- 
duc t  was e x t r a c t e d  wi th  d ry  e t h e r  i n  a Soxhlet  appara tus  f o r  fo r ty -e igh t  hours .  
The e x t r a c t e d  product  mel ted a t . approx ima te ly  1 0 9 - 1 1 0 ° C  and i t s  i n f r a r e d  spec- 
t r u m  was i d e n t i c a l  t o  t h a t  o f  t h e  unext rac ted  product .  
Since t h e  a t tempts  t o  e x t r a c t  t h e  complexed C H 3 N 0 2  from t h e  product  were 
unsuccessfu l ,  t h e  q u a t e r n i z a t i o n  of t h i s  Sch i f f  base w a s  a t tempted wi th  2 
moles and 4 moles of CH31 r e s p e c t i v e l y  i n  DMAC. The crude sample which was pre-  
c i p i t a t e d  by benzene was eva lua ted  by NMR i n  deu te ra t ed  DMSO and t h e  i n t e g r a t i o n  
appeared t o  correspond e x a c t l y  t o  t h a t  o f  the  d e s i r e d  compound. The remainder 
of t h e  sample was p u r i f i e d  twice by d i s so lv ing  it i n  DNAC and p r e c i p i t a t i n g  i t  
wi th  benzene and d r i e d  a t  room temperature  a t  0.5 I~UR Hg p res su re ,  and submit ted 
f o r  a n a l y s i s .  The e lementa l  a n a l y s i s  corresponded e x a c t l y  t o  a compound o f  
t h e  s t r u c t u r e  
r a t h e r  than  f o r  t h e  expected compound. I t s  i n f r a r e d  spectrum showed s t r o n g  
bands f o r  t h e  presence of -NEZ and t h e  qua ternary  s t r u c t u r e .  Thus, t h e  pro-  
duct  was not  t h e  same a s  t h a t  ob ta ined  when ni t romethane was used as  t h e  re- 
a c t i o n  medium. Evident ly ,  t h e  d e s i r e d  product  was no t  ob ta ined  but  r educ t ive -  
c leavage  and hydro lys i s  of t h e  -C=IN- S c h i f f  base  l inkage  occurred when DPVIC 
was used a s  t h e  so lven t  and t h i s  observa t ion  was shown t o  be s p e c i f i c a l l y  t r u e  
o f  those  S c h i f f  bases  i n  which t h e  amine n i t r o g e n  atoms are i n  t h e  o r t h o  pos i -  
t i o n  t o  t h e  py r id ine  n i t r o g e n ,  t h a t  i s ,  t h e  2- o r  2- and 6- p o s i t i o n s .  The 
probable  explana t ion  i s  t h a t  t h e  p o s i t i v e  qua tern ized  n i t rogen  withdraws 
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e l e c t r o n s  from t h e  -C=N- Sch i f f  base l inkage ,  leav ing  a p a r t i a l l y  p o s i t i v e  
charge which is then  a t t a c k e d  by t h e  nega t ive  iod ine  atom: 
It appears  a l s o  t h a t  DNAC p a r t i c i p a t e s  i n  t h e  r e a c t i o n  i n  some fashion 
which, a t  p r e s e n t ,  i s  not  understood. 
- b. Qua te rn iza t ion  of p-Xylylidene-di-2-aminopyridine 
FI i t h  D i m e  t hv  1 s u  1 f a t  e. 
I n t o  a 25-ml, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 
denser  and a thermometer were placed p-xylylidene-di-2-aminopyridine (0.50 g ,  
1.75 m o l e ) ,  d ime thy l su l f a t e  (0.44 g ,  3 .5  m o l e ) ,  and 10 ml nit romethane.  The 
r e a c t i o n  mi'xture was hea ted  under a n i t r o g e n  atmosphere a t  50°C f o r  one and 
one-half  hours .  Evaporat ion of t h e  so lven t  y i e lded  1.07 g of  an orange s o l i d .  
The product  was p r e c i p i t a t e d  from C€13N02 s o l u t i o n  by t h e  a d d i t i o n  of  
benzene and washed w i t h  e t h e r ,  y i e l d i n g  a l i g h t  orange powder, nip 65-67'C. 
The product was very  hygroscopic and became gummy when exposed t o  atmospheric 
mois ture .  I n f r a r e d  spectrum (KBr d i s c )  1660, 1640, 1535, 1230, 1060, 1000, 
and 760 c m - l .  (Appendix 11). 
Analys is :  Calc 'd  f o r  C22H26N403S2 : 
C,  49,09; H, 4.83; N ,  10.41; 0, 23.79; S,  11.90. 
Calc 'd  f o r  C ~ ~ H ~ ~ N L , O ~ S ~ = C H $ ~ O ~  : 
C,  45.10; H, 4.90; N ,  11.60; 0, 26.70; S ,  10.70. 
Found: C ,  46.69; H, 5.25; N ,  11.48; 0, 26.74; S ,  10.06, 
This  da t a  has  been incorpora ted  i n  Table  1. 
The e lementa l  a n a l y s i s  of  t h e  product  i nd ica t ed  t h a t  t h e  d e s i r e d  d i -  
qua tern ized  ' S c h i f f  base  was obta ined  b u t  t h a t  it was complexed w i t h  one mole 
of CH3N02. The q u a t e r n i z a t i o n  wi th  (CH3)2SO4 k7as complete and was more 
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f a c i l e  than  w i t h  CH31 i n  CH3N02. The q u a t e r n i z a t i o n  of t h i s  S c h i f f  base  
w a s  a t tempted wi th  (CH3),S04 us ing  E-c reso l  as the  so lven t  and t h e  product  
appa ren t ly  was o b t a i n e 4 b u t  t h e  m-cresol appa ren t ly  complexes even more s t r o n g l y  
wi th  t h e  qua te rn ized  product  than  does ni t romethane.  
c. Qua te rn iza t ion  
Th i s  Sch i f f  base  i s  v e r y  s e n s i t i v e  t o  hydro lys i s  and rearrangement.  
o f  2 -Benzy l ideneami . r id j . ne  wi th  Methyl Iodide .  
There- 
f o r e  t h i s  Sch i f f  base was prepared and used f o r  t h e  q u a t e r n i z a t i o n  s t u d i e s  
immediately a f t e r  i t s  p repa ra t ion .  
I n t o  a 25-nil, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 
denser  and thermometer were placed 2-benzylideneaminopyridine (0.5 g ,  2.75 
m o l e ) ,  methyl i od ide  (0.5 g ,  3.52 mole )  and 6 m l  d ry  ni t romethane.  The re- 
a c t i o n  mixture  was hea ted  wi th  s t i r r i n g  under a n i t rogen  atmosphere a t  50'6 
f o r  fo r ty -e igh t  hours .  Evaporat ion of t h e  so lven t  y i e lded  0.981 g of  a deep 
orznge so1j.d The evaporated product was r e p r e c i p i t a t e d  from CH3NO2 w i th  e t h e r  
and washed w i t h  e t h e r .  The r e p r e c i p i t a t e d  product vas a n  orange s o l i d ,  rap 
129-131°C. I n f r a r e d  spectrum (KBr d i s c )  3380 (NH-), 1650, 1530, 1520, 760 and 
695 cm-' (mono-substi tuted phenyl group).  
Analys is :  Calc 'd  f o r  Cl3HI3N2I : 
C y  48.15; H, 4.01; $1, 8.64; I, 39.20. 
Found: C y  34.71; H, 3.79; N ,  11.38; I, 50.12. 
Calc 'd  f o r  (A) CgHgN2I : 
C y  30.50; H, 3.82; N ,  11.85; I, 53.83. 
Calc 'd  f o r  (B) ~ 1 9 ~ 2 2 ~ 4 X 2  : 
C,  40.71; H, 3.93; N ,  10.00; I, 4.5.36. 
Mixture of A and B (A:B = 56.3:43.7) 
C, 34.97; H, 3.87; N, 11.05; I ,  50.11. 
The i n f r a r e d  spectrum of t h e  product  i nd ica t ed  a very  s t r o n g  abso rp t ion  
band f o r  qua ternary  groups a t  1650 cm-l, bu t  t h e  remainder of  t h e  spectrum was 
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similar to a reference sample of a bis methylene compound obtained by mild 
hydrolysis of the monomer, except for the absorption band of mono-substituted 
-1 
phenyl group at 695 cm . Elemental analysis indicated that the product was a 
mixture of two hydrolyzed quaternized .products with the following structure 
(A : B , =  56.3 : 43.7), 
rather than the desired compound. 
d. Quaternization of 2-Pyridylcarboxylideneaniline. 
Into a 25-rn1, three-neck, round-bottom flask equipped with a thermometer 
and reflux condenser were placed 2-pyridylcarboxyl ideneani l ine (0.50 g ,  2.75 
mmole), methyl iodide (0.50 g ,  3.52 mmole), and 7 ml dimethylacetamide. The 
reaction solution was heated under c? nitrogen atmosphere at 50°C for eight 
hours, allowed to cool, and then stirred at room tenperature for sixteen hours. 
Evaporation of the solvent yielded 1.087 g (109%) of  a black gummy solid. The 
residue was dissolved in DLQIC and reprecipitated with diethyl ether to yield 
a black solid, mp 65-67OC. Infrared spectrum (KBr disc) (Appendix 12), 1660- 
1640 cm-' shoulder, 1510-1490 cm-l, 1325 cm-', void 480-600 cm'l (C-I stretch). 
Analysis: Calc'd for C13H13EJ2I : 
C, 48.15; H, 4.01; N, 8.64; I, 39.20. 
C, 47.45; H, 4.79; I?, 8.59; I, 39.17. Found: 
Its infrared spectrum and elemental analysis confirmed that the desired com- 
pound was obtained. The quaternization 
successful in DMAC. 
of this Schiff base with CH31 was 
e .  Quaternization of 2,6-DiacetylpyridinediketanLl. 
I n t o  a 25-ml , three-neck, round-bottom flask equipped with a thermometer 
and a reflux condenser were placed 2,6-d iace ty lpyr id inedike tan i . l  (0.40 g ,  
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1.28 nunole), methyl i od ide  (0.27 g,  1.92 mmole), and 6 m l  n i t romethane.  The 
s o l u t i o n  was hea ted  a t  50°C f o r  twenty-four hours  under a n i t r o g e n  atmosphere. 
That t h e  q u a t e r n i z a t i o n  
r a t i o n  of t h e  so lven t  y i e lded  a brown s o l i d ,  0.62 g (107%). The me l t ing  po in t  
of  t h e  product  r e p r e c i p i t a t e d  from CH3N02 I n f r a r e d  
spectrum (KBr d i s c )  1600, 1475, 1450, 1260 and 850 cm-l, void 450-600 cm" 
(C- I  s t r e t c h ) ;  t he  fo l lowing  bands d isappear  a s  a r e s u l t  of t h e  r e a c t i o n ,  
1360, 1220, and 1175-1195 cm-'. (Appendix 13). 
keac t ion  was complete was confirmed by TLC. Evapo- 
wi th  e t h e r  was 176-178°C. 
Analys is :  Calc 'd  f o r  C22H22N31 : 
C,  58.02; H,  4.83; N ,  9.23; I, 27.92. 
Calc 'd  f o r  C22H22N31eCH3N02 : 
C,  53.50; H,  4.85; N ,  10.85; I, 24.52; 0, 6.20. 
Found: C,  54.64; H, 4..14; N ,  8.51; I ,  29.74; 0, 2.97. 
This  da t a  and t h e  da t a  obta ined  from t h e  qua te rn iza t ion  of  2 ,6-d iace ty l -  
py r id ined i l t e t an i l  w i th  dimethyl s u l f a t e  a r e  summarized i n  Table  2. 
The e lementa l  a n a l y s i s  of  t h e  product  shosw.d it  was h igh  i n  iod ide  and 
1.0~ i n  n i t r o g e n  and complexed wi th  0.4 moles of CH3N02. 
c a r r i e d  out  over a pe r iod  of many hours  and s i d e  r e a c t i o n s  undoubtedly occurred.  
The long r e a c t i o n  t i m e  was used on t h e  b a s i s  of TLC a s  t h e  experiment pro- 
gressed  and t h e  slow r a t e  appears  t o  be  due t o  marked s t e r i c  hindrance.  
The r e a c t i o n  was 
The q u a t e r n i z a t i o n  of t h i s  d i k e t a n i l  Sch i f f  base  M ~ S  at tempted wi th  
CH31 i n  D U C ,  bu t  t h e  product ,  mp 177-179"C, which was i s o l a t e d  from t h i s  re- 
a c t i o n  was no t  t he  d e s i r e d  compound. The a n a l y t i c a l  d a t a  ind ica t ed  a reduct ive-  
c leavage  i n  which t h e  DMAC probably p a r t i c i p a t e d ,  had occurred i n  t h i s  a t tempt .  
Next, t h e  q u a t e r n i z a t i o n  0 2  t h i s  d i l t e t a n i l  S c h i f f  base  wi th  (CH3) 2S04 
i n  CH3N02 was s tud ied .  
hours .  The y i e l d  of c rude  evaporated product was s u b s t a n t i a l l y  q u a n t i t a t i v e  
(99.3%). The mel t ing  po in t  of t h e  i s o l a t e d  product ,  a f t e r  r e p r e c i p i t a t i o n  
The r e a c t i o n  a t  5 0 ° C  was r a p i d  and complete i n  two 
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Table 2 
Data on the Quaternization of 2,G-Diacetylpyridinediketanil 
1.5 CH3I CH3N02 
94 177- 
Black I 1-79 
70/48  I 
C 
Theorga 58.02 
Found 53.35 
Found' 41.50 
Theoryd 62.87 
Pound" 61.59 
Elemental Analysis I - 
H 
4.83 
4.04 
5.25 
II
5.69 
5.70 
111 
aThese values are for the quaternary 
bCalc' for C22H22N31*CH3N02: C, 53.50; H, 4.86; N, 10.85; I, 24.62; 0, 6.20. 
CThese values indicate that the desired compound pias not obtained. 
dThese values are for the quaternary salt , C ~ ~ H ~ ~ N ~ S Q L ,  
eCalc'd f o r  C23R25N3SO~*CH3N02: C, 57.60; H, 5.61; M, 11.18; S, 6.42; 0, 19.19, 
salt, C22H22N3I. 
- 
N 
9.23 
8.31 
5.38 
- 
9.57 
9.19 - 
27.92 
29.04 
47.31 
from CH3N02 s o l u t i o n  w i t h  e t h e r ,  was 171-173°C. 
1600 ( sha rp ) ,  1450,  1250 (broad SO3), 1060, 1000 and 750 cm 
spectrum and e lementa l  a n a l y s i s  confirmed t h a t  t h e  d e s i r e d  compound was obta ined .  
I n f r a r e d  spectrum (KBr d i s c )  
-1 . Its i n f r a r e d  
f .  Qua te rn iza t ion  of  N,N'-Di-(2-pyridylcarboxylidene)-p- 
phenylenediamine. 
I n t o  a 25-ml, three-neck,  roundrbottom f laslc equipped wi th  a thermometer 
and a r e f l u x  .condenser were placed NJN'-di-(2-pyridylcarboxylidene)-p-phenyl- 
enediamine (0 .40  g ,  1.4 m o l e ) ,  methyl i od ide  (0.80 g, 5.6 m o l e ) ,  and 5 m l  
ni t romethane.  
under a n i t r o g e n  atmosphere. 
The r e a c t i o n  mixture  was hea ted  a t  50°C f o r  twenty-four hours  
A TLC examination showed t h a t  t h e  r e a c t i o n  was n o t  completed. Then, h a l f  
o f  t h e  r e a c t i o n  s o l u t i o n  was sub jec t ed  t o  paper chromatography f o r  s epa ra t ion .  
E lu t ion  wi th  ace tone  and evapora t ion  y i e lded  0.034 g of  a brown s o l i d ,  mp 68- 
70OC. The product  was very  hygroscopic.  I n f r a r e d  spectrum (KBr d i s c )  (Appen- 
-1 
d i x  14) 1640, 1520,  1260, and void  600-480 cm (C-I s t r e t c h ) .  
Analys is :  Calc 'd  f o r  C20H20N412 : 
C,  42 .11 ;  H, 3.51; N, 9.82; I, 44.56. 
Calc 'd  f o r  C ~ O H Z O N ~ I ~ * C H ~ N O ~  : 
C j  39-94; H, 3.65; N ,  11.09; I, 40.25; 0, 5.07. 
Calc 'd  f o r  C20H20Nq12*2CH3N02 : 
C, 38.30; H, 3.75; N ,  12.12; I, 36.58 ;  0, 9.25. 
Found: C,  40.62; H, 4.60; N, 7.71; I, 39.23; 0, 7.84. 
This  da t a  and t h e  d a t a  obta ined  from t h e  o the r  q u a t e r n i z a t i o n  
2(-pyridylcarboxylidene)-p-phenylenediamine wi th  CH3I and d ime thy l su l f a t e  a re  
suinmarized i n  Table  3. I t s  i n f r a r e d  spectrum and e lementa l  a n a l y s i s  Confirmed 
t h a t  t h e  d e s i r e d  compound was obta ined ,  bu t  t h a t  i t  was complexed wi th  1.5 
moles of  CH3N02. 
of N,N'-di- 
I n  a s e p a r a t e  experiment,  t h e  product  qua tern ized  wi th  4 moles of  CH31 
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Table 3 
Data on the Quaternization of N,N'-Di-(%-pyridylcarboxylidene)-p-phenyle~ediamine 
I 
Time : hours 
Foundb 46.07 92 95- 
Brown I 9 7  I 
1 
1 107 58- Theory' 49.07 4.83 10.41 
Red 60 Founda 46.30 5.29 8.61 . 2 (Cd3)2S04 CH3!\IO2 50/7 
These values are for the diquaternary salt, C20H20N4I2. 
bCalc'd for C ~ O H ~ O N ~ I ~ * C H ~ N O ~ :  C, 39.94; H, 3.65; E, 11.09; I, 40.25; 0, 5.07. 
Calc'd for C20H~oNqI2'2CH3N02: C, 38.30; H, 3,755 E, 12.12; I, 36.58; 0, 9.25. 
"These values are for the di-quaternary salt, C221-I26N4S208. 
'calc'd for C22H2~N4S208*CH3N02: C, 46.08; H, 4.84; N, 11.68; S, 10.68; 0, 26.72. 
Calc'd for C22I~26NqS208.2CH3NO2: C, 43.64; H, 4.85; N, 12.58; S, 9.70; 0 ,  29.09. 
a 
to m 
34.91 I ----- I 3.90 I 
at 50°C for one and one-half hours was found to be a mixture of 47% mono- 
quaternary and 53% diquaternary derivatives. 
The quaternization o*f the di-Schiff base with (CH3)2S04 was performed in 
CH3N02. The 
product was an orange powder, mp 58-60°C, very hygroscopic and became gummy 
when exposed to atmospheric moisture. Infrared spectrum (IBr disc) 1630 cm 
(broad) 1510, 1450, 1250-1200 cm 
The product was precipitated from CH3N02 solution with ether. 
-1 
-1 
(broad), 1060, 1000 and 765 cm-'.. Its infra- 
red spectrum and elemental analysis confirmed that the desired compound was 
obtained, but the di-quaternized product was complexed with one mole of CH3N02. 
g. Quaternizationof 2,6-Diacetylpyridine. 
Into a 25-m1, three-neck, round-bottom flask equipped with a thermometer 
~ 
and reflux condenser were placed 2,6-diacetylpyridine (1.00 g ,  6.1 mmole), 
dimethylsulfate (1.01 g ,  7.98 mmole) and 10 ml nitromethane. The reaction 
solution was heated at 50°C for tventy-four hours and at 80°C for one hundred 
forty-four hours under a nitrogen atmosphere. Evaporation of the solvent 
yielded a black solid, 1.80 g (102%) ; the product v7as very hygroscopic and be- 
I 
came a liquid when exposed to atmospheric moisture, 
disc) 1690 cm-l (0) , 1600, 1480 and 1045 cm'l. 
Infrared spectrum (KBr 
Analysis: Calc'd for Cl1Hl5NO6S : 
C, 45.67; H, 5.19; N, 4.84; S, 11.07; 0, 33.23. 
Found: C, 32.57; H, 4.77; N, 7.68; S, 14.60; 0, 40.38. 
The desired compound was not obtained. This data and the data from the attempted 
quaternization of 2,6-diacetylpyridine with methyl iodide are summarized in 
Table 4. A s  given i n  Table 4, the attempted quaternization of 2,6-diacetyl- 
pyridine with (-CH3)2SO4 or CH31 were not successfuI, due to large steric hin- 
drance of 2,6-diacetyl groups and lower basicity of pyridine nitrogen induced 
by the electron withdrawal of 2,6-diacetyl groups. 
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Table 4 
Data on the Quaternization of 2,G-Diacetylpyridine 
Temperature "C yield % 
Time:  hours Color 
50/24 102 1 Black p lus 80 I144 
50/4  I N.R.' 
50/45 I 85 
plus Black 
80/120 
mp "C ,/ Elemental Analysis 
C H f  N i S 0 
. Theorya 45.67 5.19 4.84 ----- li.'07 33.23 
Foundb 32.57 4.77 7.65 ----- 14.60 40.38 --- 
I_ I I I I I 
I 
I I I I t I --- 
Theoryd 39.34 3.93 4.59 41.64 ----- 10.49 
Poundb 38.29 3.86 6.12 50.45 ----- I I I I ' *  I 6 * 3 0  
These values are for the quaternary salt, CllB15NS06. E 
DThese values indicate that the desired compound was not obtained, 
'N.R. = NO Reaction. 
dThese values are for the quaternary salt, C10H73JT-02. 
3 .  Charge-Transfer Complexes Derived from Pyridine-Type Monomers, 
Exploratory experiments have been performed t o  e s t a b l i s h  whether o r  no t  
t h e  pro to type  py r id ine  rnonomers w i l l  fcjrm charge t r a n s f e r  complexes wi th  se- 
l e c t e d  acceptors  such as TCNE and TNCQ: 
TCNQ 
a .  Formation o t h e  Charge-Trans ,dr Complexes Between p-Xy Al 
di-2-aminopyridine (I) and Tetracyanoethylene.  
dene - 
P 
The r e a c t i o n s  of Sch i f f  base (I) wi th  TCNE were performed i n  DYAC i n  which 
both r e a c t a n t s  were so lub le .  The Sch i f f  base (I) has  two pyr id ine  r i n g s ,  each 
of  which -c.lould be expected t o  a c t  as  donor t o  a t  l e a s t  one molecule o f  TCNE. 
Thus, t h e  equiva len t  corn?lex should be (I. 2 TCNE) . I n  e f f o r t s  t o  e s t a b l i s h  t h e  
va lue  of  n f o r  (I), a series of r e a c t i o n s  were performsd i n  DMAC us ing  a mole 
r a t i o  of 1 mole of (I) wi th  one, two and four  mles  of  TCNE r e spec t ive ly .  The 
- 
r e a c t i o n  temperature  was 50°C f o r  f i v e  hours .  
i n  t h e  almost c o l o r l e s s  s o l u t i o n  con ta in ing  t h e  monomer and t h e  TCNE occurred 
wi th in  t h e  f i r s t  few minutes of t h e  r e a c t i o n ;  and as t h e  r e a c t i o n  cont inued,  
t h e  co lo r  darkened t o  a maximum and d i d  n o t  change f u r t h e r .  The c o l o r  of t h e  
s o l u t i o n s  a t  t e n  ininutes of  r e a c t i o n  t i m e  and t h e  f i n a l  c o l o r  f o r  t h e  composi- 
I n  a l l  ca ses ,  a marked change 
t i o n s  con ta in ing  t h e  v a r i o u s  moles o f  TCNE pe r  each mole o f  (I) were 
The r e a c t i o n  products  were d iv ided  i n t o  two p o r t i o n s ,  evaporated product  
(A) and p r e c i p i t a t e d  produc% (B) ,  and examined r e spec t ive ly .  
i. Por t ion  A:  React ion Product Cbtained by t h e  Evaporation o f  t h e  Solvent .  
I n t o  a 25-ml, three-neck,  round-bottom f l a s f  equipped wi th  a r e f l u x  
---__I_ 
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condenser and a thermometer were p laced  p-xylylidene-di-2-aminopyridine (0.28 
g J  0.98 mnole), t e t racyanoethylene  (0.25 g ,  1.95 nmole), and 10 ml of dimethyl- 
acetamide, The r e a c t i o n  rnixture was maintained under a n i t r o g e n  atmosphere , 
heated  a t  50°C f o r  f i v e  hours ,  allowed t o  coo l ,  and s t i r r e d  at room temperature  
f o r  e igh teen  hours .  The so lven t  was removed by evapora t ion  at 0.5 mm Hg 
pres su re ,  t o  y i e l d  a s o l i d  which was d r i e d  i n  vacuo a t  50°C f o r  t h r e e  days 
u n t i l  a cons t an t  weight was obtained.  There was obta ined  a darlc-brown s o l i d  
0.58 g ( l o g % ) ,  mp 130-140°C. I n f r a r e d  spectrum (IU3r d i s c )  (Appendix IS), 2200 
c m  
-1 
(C=N) , broad abso rp t ion  1630-1400 crn'l. 
Analysis :  Galc 'd  f o r  C30H14N12 : 
' C,  66.42; H, 2,58; N ,  31.00. 
Calc 'd  f o r  C30H14N1203CH3CO€~(CH3)2 : 
C ,  62.69; H, 3 ,98 ;  N ,  27.36; 0, 5.97, 
a 
Found: C,  53,64;  K ,  4.18; N ,  27.83; 0, 4.35 (by d i f f e r e n c e )  
ayh i s  sample was b lock  d r i e d  a t  1.20"C s u f f e r i n g  
a weight l o s s  of  approximately 2.7% be fo re  a n a l y s i s  
These da t a  and t h e  d a t a  of r e l a t e d  experiments are  summarized i n  Table  5. 
The y i e l d  of  evaporated product f o r  t h e  t h r e e  complexes were found t o  be 
Analysis  of  t h e  products  showed, t h a t  i n  t h e  2 TCNE and t h e  4 TCNE com- 
p l exes ,  DX4C had been r e t a i n e d  it1 t h e  complex as  fol lows:  
I 2 TCNE 
The i s o l a t e d  complexes were red i s so lved  i n  JBJAC, r e p r e c i p i t a t e d  by (C2H5) 2O , 
i s o l a t e d  and d r i e d  a t  50°C i n  a vacuiini oven. Add i t iona l  q u a n t i t i e s  of  products  
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Table 5 
Data on the Complexes of p-Xylylidene-di-2-aminopyridine and Tetracyanoethyiene 
aThese values are for p-xylylidene-di-2-aminopyridine complexed with two moles of TCNE, C30H14N12. 
bSarnple was block dried at 120°C suffering a weight l o s s  of approximately 2.7% before analysis. 
d.This value was determined by difference. 
eIn this experiment the reaction solution was divided into two parts immediately preceeding the 
'CaIc'd for  C30H~4~~~2'2CH~CON(CH3)2: C y  63.69; E, 4.46; N, 27.37; 0, 4.46. 
isolation of the product. Two methods of isolation were then used; precipitation on one-half of 
the solution, evaporation on the remainder. 
fThese values are f o r  p-xylylidene-di-2-aminopyridine complexed with one mole of TCNE, C24H14Ng. 
gCalc'd for C24H14N8=CH3CON(CH3)7: C y  67.10; H, 4 . 5 3 ;  N, 25.18; 0, 3.19. 
Moles 
TCNE c Temperature 'C Tine: hours Solvent 
w 
p3 
Method of 
Isolation 
Table 5 (cont.) 
Data on the Complexes of p-Xylylidene-di-2-aminopyridine and Tetracyanoethylene 
Yield % 
Color 
mp oC , Elemental Analysis 
c H N 
I 1 
I I 
Black 30
113 100- 
Black 110 
Precipitation 
DMAC 1 50/5 1 by Benzene Theoryh 63.16 1.75 35.09 Found' 60.23 3.48 28.66 
Foundi 60.00 4.07 30.56 
I 
I 
DYAC 1 50/5 Evaporation of Solvent 
I 6.19 
5.37d I 
I I I I I I I I 1 
hThese values are for p-Xylylidene-di-2-aminopyridine complexed with four moles of TCNE, C42H14N20. 
i Calc'd f o r  
Calc'd f o r  
C+2~i4N20* 4CH3CON(CH3)2 : C, 60.73; E, 4.36; N, 29.32; 0, 5,59. 
C42Fl14N20' 5CH3CON(CH3)2 : Cy 60.34; H ,  4 .79 ;  N, 28.39; 0, 6 ,48 .  
were obta ined  by concen t r a t ion  o f  t h e  mother l i q u o r s  and p u r i f i e d  by r e d i s s o -  
l u t i o n  i n  DMAC and followed by p rec ip i t ak ion .  
Elemental a n a l y s i s  of t h e  p r e c i p i t a t e d  I. 1 TCNE r e a c t i o n  product con- 
firmed t h e  1:l complex and t h a t  t h e  product  d id  no t  con ta in  r e t a i n e d  D M C .  
Elemental  ana lyses  of  t h e  p r e c i p i t a t e d  I. 2 TCNE r e a c t i o n  product  showed 
t h e  presence of oxygen and t h a t  i t  appeared t o  complex wi th  approximately one 
mole of  DMAC. 
Elemental ana lyses  o f  t h e  p r e c i p i t a t e d  I. 4 TCNE r e a c t i o n  product  showed 
t h e  presence of l a r g e  amounts of  oxygen and appeared t o  be coniplexed wi th  
approximately two moles of DPIAC. 
It may be  o t h e r  than  f o r t u i t o u s  t h a t  t h e  e lementa l  ana lyses  of t h e s e  com- 
p lexes  a r e  c l o s e  t o  t h e  va lues  expected f o r  t h e  complexes wi th  DMAC. Perhaps,  
t h e  r e t e n t i o n  of DMAC i n  t h e  1 : 2  and 1:4 products  may be  due t o  t h e  r e a c t i o n  
of DNAC with TCNE. Also,  i t  i s  .known t h a t  CN groups i n  charge t r a n s f e r  complex 
a r e  very  s e n s i t i v e  t o  oxygen and oxid ized  i n  a i r .  Then t h e  abnormally h igh  
con ten t  of oxygen i n  I. 4 TCNE product could be due t o  t h e  f a c t  t h a t  an  unco- 
o rd ina ted  f r e e  CN group i n  t h e  complex i s  oxid ized  i n  a i r ,  w i th  t h e  eLimination 
of  CN groups,  t o  g i v e  a s t a b l e  r a d i c a l ,  probably of  t h e  s t r u c t u r e  
-P N CN 
The i n f r a r e d  s p e c t r a  of t h e  va r ious  complexes showed s t r o n g  bands f o r  CN 
at: 2200 cm'l 2nd t h e  s p e c t r a  of t h e  t h r e e  complexes were s u b s t a n t i a l l y  i d e n t i -  
ca l  except t h a t  i n  t h e  c a s e  of  t h e  1:l complex, t h e  i n t e n s i t y  a t  2200 crn" 
was noticeabl-y less than  f o r  t h e  1:2 o r  1 : f t  complex, In  a d d i t i o n ,  t h e  t h r e e  
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complexes d i d  not  m e l t  when hea ted  t o  360°C. 
ii. P o r t i o n  B: React ion Product Obtained by P r e c i p i t a t i o n  wi th  Benzene. 
I n t o  a 25-ml, three-neck,  round-bottom f l a s k  equipped w i t h  a r e f l u x  con- 
denser  and a thermometer were placed p-xylylidene-di-2-aminopyridine (0.56 g,  
1.95 m o l e ) ,  t e t racyanoethylene  (0.50 g ,  3.91 m o l e ) ,  and 20 m l  d imethylacet-  
amide. The r e a c t i o n  mixture  vas maintained under a n i t rogen  atmosphere a t  
50°C f o r  f i v e  hours ,  al lowed t o  cool, and s t i r r e d  a t  room temperature  f o r  
t h i r t e e n  and one-half  hours.  
benzene, c o l l e c t e d  by f i l t r a t i o n ,  and d r i e d  a t  50°C i n  vacuo, t o  y i e l d  a brown 
s o l i d ,  0.32 g (30%), m.p.>36O0C. I n f r a r e d  spectrum (KBr d i s c )  (Same as Appen- 
d i x  15),  2200 cm"' (C&), broad abso rp t ion  1630-1400 cm"', 
The product  was p r e c i p i t a t e d  by t h e  a d d i t i o n  of 
Analysis :  Calc 'd  f o r  C30H14N12 : 
C,  66.42; H,  2.58; M, 31.00. 
Calc 'd  f o r  C30"14N12.CH3CON(C"3)2 : 
C,  64.83; H, 3.66; N ,  28.62; 0, 2.54. 
Calc 'd  f o r  C30H14N12.2 CH3CON(CH3)2 : 
C,  63.63; K ,  4.49; E, 27.37;  0, 4.46. 
Found:a C,  64.10; H, 3.73; N ,  27.48; 0, 4.69 (by d i f f e r e n c e ) .  
aThis  sample was block d r i e d  a t  120°C s u f f e r i n g  a 
weight loss  of  approximately 2.7% be fo re  a n a l y s i s .  
These da t a  and t h e  da t a  of r e l a t e d  experiments a r e  summarized i n  Table  5 ,  
b. Spectroscopic  Study of t h e  Charge-Trans f e r  Complexes Between 
i, The Molecular Composition of t h e  Charge-Transfer Complex. 
The u l t r a v i o l e t  and v i s i b l e  s p e c t r a  of  t h e  cha rge - t r ans fe r  complexes were 
1 s tud ied  by J o b ' s  cont inuous v a r i a t i o n  method. 
So lu t ions  of (I) and TCME, a t  a conce i i t ra t ion  o f  2 ~ l O - - ~  mole / !  i n  abso- 
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l u t e  e thano l ,  were used f o r  t h e  s p e c t r a l  measurements. Both s o l u t i o n s  were 
almost c o l o r l e s s .  Measured volumes of s o l u t i o n  (I) were added t o  measured 
volumes of  TCNE s o l u t i o n  so a s  t o  g ive  s o l u t i o n s  which contained (I) and TCNE 
a t  va r ious  mole f r a c t i o n s ;  t h e  t o t a l  sum of t h e  i n i t i a l  concen t r a t ion  of  t h e  
donor, [Do],  and of t h e  accep to r ,  [A,] was maintained a t  cons t an t  v a l u e  of 
[Do] f [A,] = 2 ~ l O - ~  mole&. 
When t h e  s o l u t i o n s  of  [Do] and [A,] were mixed, t h e  i n i t i a l  c o l o r l e s s  
s o l u t i o n s  changed t o  yellow o r  orange co lo red  s o l u t i o n s ,  which darkened f u r -  
t h e r  on s tanding .  It requ i r ed  s i x  days f o r - t h e  equ i l ib r ium t o  reach t h e  s teady  
s t a t e  and cons tan t  o p t i c a l  d e n s i t i e s .  The o p t i c a l  d e n s i t i e s  of t h e s e  s o l u t i o n s  
were measured on t h e  seventh day a t  25°C i n  a 1 -cm abso rp t ion  c e l l  over a 
wavelength range of  250-600 m,u us ing a 505 Bausch & Lomb Spectrophotometer.  
Absolute e thano l  was used as a r e fe rence .  The s p e c t r a  of t h e s e  s o l u t i o n s  
showed a s t r o n g  a3so rp t ion  band c h a r a c t e r i s t i c  of t h e  charge t r a n s f e r  complex, 
AD, a t  400-440 m p  i n  c o n t r a s t ,  t h e  s o l u t i o n s  of (I) and TCNE i n d i v i d u a l l y  had 
no abso rp t ions  i n  t h i s  reg ion .  
.The experimental  r e s u l t s  are given i n  Table  6. 
Table  6 
Absorbances of  t h e  Charge-Transfer Conplex So lu t ions  a t  400 m/u 
The absorbance of  t h e  cha rge - t r ans fe r  complex s o l u t i o n s  was maximum a t  
t h e  50:50 mole f r a c t i o n  of (I) and TCNE, which sugges ts  t h a t  1:l charge-  
t r a n s f e r  complex i s  formed between (I) and TCNE. 
ii. The Di s soc ia t ion  Constant and Ex t inc t ion  C o e f f i c i e n t  of t h e  Complex, 
@N=CH@-CH=?!?Q -4- TCNE a K Charge-Transfer Complex. 
The 
t r a n s f e r  
acceptor  
d i s s o c i a t i o n  cons t an t  and e x t i n c t i o n  c o e f f i c i e n t  of t h e  charge-  
complex was determined spec t roscop ica l ly  by Ke te l aa r  ' s  method.' 
concen t r a t ion ,  [A,] of TCNE was maintained a t  low cons tan t  va lue  
The 
( 2 ~ l O - ~  mole / , ) ,  The e x t i n c t i o n  c o e f f i c i e n t s  of t h e  cha rge - t r ans fe r  complex, 
AD were measured a t  va r ious  donor concen t r a t ions ,  [DO] of (I), by measuring 
t h e  i n t e n s i t y  of t h e  c h a r a c t e r i s t i c  absorp t ion  band of t h e  complex. 
The concen t r a t ion  of t h e  s o l u t i o n  of I, t h e  donor, was mole / !  and 
t h e  amourit used was such t h a t  [I] was i n  excess of [A] ,  A f t e r  mixing t h e  
s o l u t i o n s  o f  A and B t hey  were allowed t o  s t and  a t  room temperature  f o r  one 
week t o  reach a s t eady  s t a t e ,  a t  which t i m n  t h e  co lor  of  t h e  s o l u t i o n  of t h e  
complex was l i g h t  yellow. 
The o p t i c a l  d e n s i t i e s  of t h e s e  s o l u t i o n s  were measured i n  a 1-cm absorp-  
t i o n  c e l l  over  a wavelength range of  350-350 v u s i . n g  a Bausch 6: Lomb 505 
Spectrbmeter.  On t h e  assumption t h a t  t h e  absorp t fon  of t h e s e  s o l u t i o n s  a t  
420 m p i s  
was measured a t  420 mpand  i l l u s t r a t e d  i n  Table  7. 
c h a r a c t e r i s t i c  of t h e  complex, t h e  absorbance of t h e s e  s o l u t i o n s  
Table 7 
Ab s o r b a x  e
[I], = Concentrat ion o f  ( I ) ,  t h e  Donor, D. d = o p t i c a l  d e n s i t y ,  
f i= o p t i c a l  l ength  = 1-cm. 
[TCNE], = i n i t i a l  concen t r a t ion  of  TCNE, t h e  Acceptor A. 
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From t h e s e  r e s u l t s ,  i t  was found t h a t  t h e  exper imenta l ly  determined 
(TCNE) va lues  of -+.j a t  v a r i o u s  mole f r a c t i o n s  of (I) gave a l i n e a r  p l o t  f o r  
(TCNE)O A? ver sus  1/(I). In t h e  case of 1:l complex 
-apI 
where i n  [A] = concen t r a t ion  o f  TCNE, t h e  acceptor  
[D] = concen t r a t ion  of  I, t h e  donor 
[AD] = concen t r a t ion  of  complex 
A, = i n i t i a l  concen t r a t ion  of TCNE 
N~ z m o l e ’ f r a c t i o n  of I i n  s o l u t i o n  
E, = molar e x t i n c t i o n  c o e f f i c i e n t  of AD 
,b = l eng th  of l i g h t  pa th  i n  cm 
By use of  equat ion  (5), t h e  va lues  of K and E, were c a l c u l a t e d  from t h e  
s l o p e  and i n t e r c e p t  of t h e  p l o t ;  t h e  va lues  f o r  K and E, were 1 .32~10’  
9350, r e s p e c t i v e l y .  
and 
These d a t a  confirm t h a t  a 1:l complex was formed and t h a t  t h e  complex i s  
v e r y  s t a b l e .  
c,  Formation of t h e  Charge-Transfer Complexes Between p-Xyiylidene- 
d i - 2 -amino p xr i d  i n  e A  and T e t r a c y ano gu ino  d ime t ha I i-)-, 
i. Charge-Transfer Complex (I. 2 TCNQ). 
To a b o i l i n g  s o l u t i o n  of TCNQ (0,204 g,  I m o l e )  i n  30 in1 of  abso lu t e  
e thano l  i n  a 100-ml, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  eon- 
denser ,  thermometer, etc.,  under a n i t r o g e n  atmosphere, was added (I) (0.143 g,  
0.5 mmole) d i s so lved  i n  10 m l  of warm abso lu te  e thano l .  
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. ,. 
Then t h e  r e a c t i o n  mixture  was hea ted  wi th  s t i r r i n g  a t  78°C f o r  seven 
hours  and then  allowed t o  s t and  a t  room temperature  f o r  s i x t e e n  hours .  I n i t i a l l y  
some of t h e  TCNQ was no t  s o l u b l e  i n  s o l u t i o n ;  a homogeneous s o l u t i o n  r e s u l t e d  
i n  about one-half  hour a t  78°C. The c o l o r  of t h e  i n i t i a l  r e a c t i o n  s o l u t i o n  
was l i gh t -g reen ,  and a s  t h e  r e a c t i o n  cont inued,  t h e  c o l o r  darkened, becoming 
dark-brown a f t e r  t h r e e  hours  of r ezc t ion .  The r e a c t i o n  vas  s o l u b l e  i n  e thanol .  
The so lven t  wits removed by evapora t ion  a t  0.5 mm Hg p res su re  t o  y i e l d  a b lack  
powder which was d r i e d  t o  cons tan t  weight i n  a vacuum oven a t  40°C f o r  twenty- 
fou r  hours ,  a f f o r d i n g  a b l ack  s o l i d ,  0.389 g (112%), The product  was r e p r e c i -  
p i t a t e d  from e thano l  s o l u t i o n  wi th  n-heptane, washed wi th  a l a r g e  amount of 
n-heptane and d r i e d  a t  40°C i n  a vacuum oven t o  cons t an t  weight,  y i e l d i n g  a 
dark-purple  powder (41%) 1n.p. 180-183°C. I n f r a r e d  spectrum (KBr d i s c )  2180 
om-' (CN),  1665 (C=O) , 1570, 1500, 1350, 1175, 835 and 760 cm". The i n f r a r e d  
spectsum of t h e  r e p r e c i p i t a t e d  product shoned a very  sha rp  ahsorpt iot l  band for 
CN groups a t  2180 cm"' and an  absorpteon band f o r  CO groups a t  1665 cifl - 1. . 
Analysis :  Calc 'd  f o r  C42H22N12 : 
C,  72.62; H,  3.17; N ,  24.21. 
Found: C,  69.72; H, 3,70; I?, 21.88; 0, 4.63. 
The e lementa l  a n a l y s i s  i n d i c a t e d  t h e  presence of oxygen i n  t h e  complex. I t s  
elemental  a n a l y s i s  corresponded t o  a chemical composition of t h e  formula 
C39.6H25.2P110.~02 a g a i n s t  t h e  expected C42H22N1;!. 
t h e  fo l lowing  chemical s t r u c t u r e ,  C40H22N1002, 
The product appears  t o  have 
I n f r a r e d  spectrum (Appendix 16) .  
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Analys is :  Calc 'd:  C ,  71.22; H, 3 . 2 5 ;  N, 20.77; 0 ,  4 . 7 5 .  
Found: C,  69.72; 11, 3 . 7 0 ;  N. 21.88; 0 ,  4 . 6 3 ,  
T h i s  would i n d i c a t e  t h a t  t h e  cha rge - t r ans fe r  complex i s  ve ry  s e n s i t i v e  t o  
oxygen and t h e  e l imina t ion  o f  CE groups occur  ox ida t ive ly .  
The ESR spectrum3 of  t h e  complex vas ve ry  sha rp  and i n t e n s e ,  and ind ica t ed  
t h e  presence of many e l e c t r o n s c a s  s i n g l e t s $ . n  t h e  complex; an estimate of  t h e  
concen t r a t ion  of  f r e e  e l e c t r o n s ,  which appear t o  be h igh ,  w i l l  be  made i n  t h e  
nea r  f u t u r e .  These r e s u l t s  do appear t o  confirm, t o g e t h e r  wi th  t h e  i n f r a r e d  
absorp t ion  spectrum which shows conjugated n i t r i l e  (2,80 c m  ) and carbonyl  
( 1 6 4 5  cm-') and v i s i b l e  abso rp t ion  and a t  480 m p  t h a t  a cha rge - t r ans fe r  com- 
p l e x  was formed, t h a t  one CN group was e l imina ted  from each TCNQ molecule i n  
t h e  complex, which was rep laced  by oxygen t o  y i e l d  t h e  a,a' -dicyano-p-toluoyl 
cyanide an ion  r a d i c a l  a s  an  acceptor  i n  t h e  complex. These r e s u l t s  a r e  con- 
s i d e r e d  s t a r t l i n g  and s ign i f i canL .  The ESK spectrum of  t h i s  complex is  shown 
-1 
i n  F igure  1. 
H 
Figure  1, ESR Spectrum of I.TCNQ 
39 
ii. Charge-Transfer Complex (I. 4 TCNQ) e 
The same procedure used t o  prepare  t h a t  I. 2 TCHQ complex was used except  
t h a t  TCNQ (0.408 g ,  2 m o l e )  i n  25 m l  of a c e t o n i t r i l e  and (I) (0.143 g ,  0.5 
m o l e )  i n  15 m l  of a b s o l u t e  e thano l  was used. The r e f l u x  temperature  was 74OC. 
The r e a c t i o n  mixture  was hea ted  wi th  s t i r r i n g  a t  74°C f o r  f i v e  hours ,  and then  
allowed t o  s t and  a t  room temperature  f o r  seventeen hours .  
The i n i t i a l  c o l o r  of t h e  r e a c t i o n  s o l u t i o n  was l i gh t -g reen ,  and a s  t h e  
r e a c t i o n  cont inued,  t h e  c o l o r  darkened, becoming dark-brown a f t e r  two hours .  
The r e a c t i o n  product was s o l u b l e  i n  t h e  mixture of e thano l  and a c e t o n i t r i l e .  
The so lvent  was removed from t h e  r e a c t i o n  mixture  by evapora t ion  a t  0.5 m Hg 
p res su re  t o  y i e l d  a b l ack  powder which d r i e d  t o  cons t an t  weight i n  a vacuum 
oven a t  40°C f o r  twenty-four hours ,  a f fo rd ing  a b lack  s o l i d ,  0.636 g (115%). 
The product was r e p r e c i p i t a t e d  from e thano l  so lu t ion '  w i th  n-heptane, 
washed with n-heptane and d r i ed  a t  40°C i n  r! v a e ~ u m  oven t o  cons tan t  w i g h t : ,  
y i e l d i n g  a dark-purple  powder (46%), m.p. 181-183°C. I n f r a r e d  spectrum (KBr 
d i s c )  2180 cm'l (CN), 1665, (CO),  1570, 1500, 1350, 11-75, 835 and 760 cm -1 . 
The i n f r a r e d  spectrum of t h e  r e p r e c i p i t a t e d  product shoved a very  sharp  ab- 
-1 s o r p t i o n  band f o r  CN groups a t  2180 cm and was e x a c t l y  t h e  same as t h e  spec- 
t r a  of t h e  1:2 mole complex. 
Analysis :  Calc 'd  f o r  C66H30N2o : 
C ,  71.82; H, 2.72; N,  25.41. 
Calc 'd  f o r  C40H22Nlo02 : 
C, 71.22; H, 3.25; N ,  20.77; 0, 4.75, 
Found: C,  68.98; H ,  3.48; N ,  23.00; 0, 4.54. 
The elemental  a n a l y s i s  of t h e  product a l s o  ind ica t ed  t h e  presence of some 
oxygen i n  t h e  complex and i t s  elemental  a n a l y s i s  corresponds t o  a chemical 
composition of  t h e  formula C40.5H2fp5N11e502. 
t i c a l  with t h e  oxidized 1:2 complex. 
The product appears  t o  be iden-  
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.. 
The s y n t h e s i s  of t h e  complex i n  non-oxygen so lven t ,  such a s  a c e t o n i t r i l e ,  
under a n i t rogen  atmosphere i s  i n  progress  t o  determine whether o r  no t  atmos- 
phe r i c  oxygen o r  t h e  so lveq t  i s  r e spons ib l e  f o r  t h e  e l imina t ion  of CN and t h e  
in t roduc t ion  of oxygen i n t o  t h e  complex. 
d. Spectroscopic  Study of t h e  Cha_rlle-Transfer Complex Between p- 
X~l~lidene-di-2-arninopyridine (L) and Tetracyanoquinodimethan (TCNQ) a 
(@N=CH@CB%=H-(&m (TCSQ), . 
The u l t r a v i o l e t  and v i s i b l e  s p e c t r a  of t h e  cha rge - t r ans fe r  complexes ~7ere 
1 s tud ied  by J o b ' s  continuous v a r i a t i o n  method. 
4 The s o l u t i o n s  of (I) and TCNQ used f o r  s p e c t r a l  measurements were 1x10' 
mole& i n  abso lu te  e thanol .  
t oge the r  wi th  measured volumes of TCNQ s o l u t i o n  t o  g ive  s o l u t i o n s  which con- 
Measured volumes of s o l u t i o n  of (I) were mixed 
t a ined  (I) and TCNQ a t  va r ious  n o l e  f r a c t i o n s ;  t h e  sum o f . t h e  i n i t i a l  donor 
concent ra t ion ,  [Do] and of t h e  i n i t i a l  acceptor  concen t r a t ion  , [A,] was main- 
t a i n e d  2 t  cons t an t  va lue ,  ([A0] 4- [Do]) = L x ~ O - ' ~  mole /A The co lo r  of t h e s e  
s o l u t i o n s  was l i gh t -g reen ,  but  on s tandtng  t h e  c o l o r  changed t o  ye?lOw o r  
orange r e q u i r i n g  about one week t o  reach t h e  s teady  s t a t e .  
days,  t h e  o p t i c a l  d e n s i t i e s  of these- s o l u t i o n s  were measured a t  25°C i n  2 1-cm 
Then, a f t e r  e i g h t  
absorp t ion  c e l l  over a wavelength range of 250-600 m p u s i n g  a Bausch & Lomb 505 
Spectrometer. 
o f  t he  cha rge - t r ans fe r  complex s o l u t i o n s  ind ica t ed  many absorp t ion  bands char -  
a c t e r i s t i c  of  t h e  cha rge - t r ans fe r  complex a t  t h e  vavelengths  i n  t h e  range of 
Absolute e thano l  was used a s  a re ference .  The v i s i b l e  s p e c t r a  
270-500 ny& and were very  un l ike  t h e  s p e c t r a  of e i t h e r  (I) o r  TCNQ. 
The spectrum of t h e  complex shows four  abso rp t ion  bands a t  408, 4 2 2 ,  438 
and 480 m,U, r e s p e c t i v e l y ,  and suggested t h a t  t h e r e  were many va r ious  e x c i t e d  
energy l e v e l s  i n  t h e  cha rge - t r ans fe r  complex. On t h e  assumption t h a t  t h e  
absorp t ion  of t hese  s o l u t i o n s  a t  480 m p a r e  c h a r a c t e r i s t i c  of t h e  complex, t h e  
absorbance of t h e s e  s o l u t i o n s  were measrrred a t  480 mpand given i n  Table  8,  
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Table 8 
The Absorbance of t h e  Charge-Transfer Complex Solu t ions  a t  480 m p  
So lu t ion  N o .  Absorbance 
The TCNQ s o l u t i o n  had some absorp t ion  a t  490 m p  It was very  d i f f i c u l t  
t o  c a l i b r a t e  t h e  absorbance of cha rge - t r ans fe r  complex s o l u t i o n  from t h e  
absorbance of f r e e  TCNQ i n  s o l u t i o n  and decide t h e  mole f r a c t i o n s  of (I) and 
TCNQ which g ive  t h e  maximum absorbance, because t h e  absorbance d i f f e r e n c e  was 
very  s m a l l .  Nonetheless ,  t h e  da t a  appear t o  suggest  t h a t  1:1 cha rge - t r ans fe r  
complex is formed from (I) and TCNQ. 
4 .  Charge-Transfer Complexes Derived from Quaternary Der iva t ives  
of Pyridine-Type Schi f f  Bases. 
a .  Pre l iminary  Experinients on the  P repa ra t ion  of  Charge-Transfer 
Complexes, 
A number of pre l iminary  q u a l i t a t i v e  experiments were performed t o  e s t a b l i s h  
some cond i t ions  f o r  t h e  p repa ra t ion  of t h e  cha rge - t r ans fe r  complexes from va-  
r i ous  qua tern ized  Sch i f f  bases  and TCNE. Dimethylformamide, dimethylaceto-  
amide and ni t romethane were found t o  be unsu i t ab le  a s  r e a c t i o n  media f o r  pre-  
pa ra t ion  of cha rge - t r ans fe r  conplexes,  s i n c e  they r e a c t e d  s t r o n g l y  t7ith TCNE. 
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A c e t o n i t r i l e  and abso lu te  e thano l  were e s t a b l i s h e d  as more s u i t a b l e  so lven t s .  
The r e s u l t s  of  t h e s e  experiments are summarized i n  Table  9. I n  gene ra l ,  t h e  
N-methyl pryidiniurn s u l f a t e s  of t h e  qua tern ized  Sch i f f  bases  were poor ly  so lu -  
b l e  i n  a c e t o n i t r i l e  and d i d  not  r e a c t  w i th  TCNE apprec iab ly ;  f o r  t h e s e  reac- 
t i o n s ,  a b s o l u t e  e thano l  ~7as s u i t a b l e  as a r e a c t i o n  medium. 
b. Formation of t h e  Charge-Transfer Complex Derived from Di-N-Methyl- 
(p-Xylylidene-di-2-aminopyridiniur~i)-Iodide and Tetracyanoethylene.  
i, Charge-Transfer Complex (11.2 TCNE). 
The d i -qua tern ized  Sch i f f  base  used i n  t h i s  experiment vias one p r e c i p i -  
t a t e d  from CH3N02 s o l u t i o n  w i t h  e t h e r ,  washed wi th  d ry  e t h e r  and d r i e d  i n  va- 
cuo at 45°C t o  cons t an t  weight ,  and shown t o  be complexed wi th  1.5 moles o f  
CH3N02, m.p. approximately 108-110°C. 
I n t o  a 25 m l ,  three-neck,  round-bottom f l a s k  equipped w i t h  a r e f l u x  con- 
denser  and a thermometer were p laced  d i -qua tern ized  Sch i f f  base  (0.331 g,  0.5 
m o l e ) ,  t e t racyanoethylene  (0,128 g ,  1.0 m o l e )  end 10 m 1  a c e t o n i t r i l e .  
The  r e a c t i o n  mixture  was hea ted  under a n i t r o g e n  atmosphere a t  50°C f o r  
f i v e  hours ,  al lowed t o  coo l ,  and s t i r r e d  a t  room temperature  f o r  e igh teen  
hours .  The c o l o r  of t h e  r e a c t i o n  s o l u t i o n  ~ 7 a s  dark-brown. The so lven t  was 
removed by evapora t ion  a t  0.5 mm Hg p res su re  t o  y i e l d  a b lack  powder which was 
d r i e d  i n  vacuo a t  4 5 O C  f o r  twenty-four hours ,  u n t i l  a cons t an t  weight was ob- 
t a ined .  There was obta ined  a b lack  s o l i d ,  0.40 g (87.2"/,, m.p, 80-82°C. 
I n f r a r e d  spectrum (KBr d i s c ) ,  2200 cm" ( C A )  1650, 1590, 1500 cm"', and 770 
c m " l  (broad).  
seventy-two hours  be fo re  elernsntal  a n a l y s i s ,  
Analysis :  Calc 'd  for C32H20N1212 : 
The evaporated product was d r i e d  at'4.0"C under vacuum f o r  
C ,  46.49; H, 2,42; N ,  20.34; I, 30.75. 
. .  
Pound: C ,  43,22; I T ,  3.08; 3 ,  19.13; I, 29.27; 0, 5.14, 
The chemical composition of t h i s  product was C31 .4€125. 8Nll 92202. 79 and t h e  
Table 9 
Charge Trans fe r  Complexes Derived from Quaternary 
Der iva t ives  of Pyr id ine- type  Sch i f f  Bases and TCNE 
Qua t e r n i z e d  
Sch i f f  Base 
kH3 I" . 
c 
Solvent  
CH3CN 
CH3CN 
l i g h t l y  s o l u b l e  
Absolute 
C 2H50H 
CII3CN 
CH3CN 
l i g h t l y  soluble 
Absolute 
c 2H50E 
CH3CN 
Absolute  
C zH5OH 
CH3m 
Color of  
React ion  
immediate change 
( da r k-br own) 
no change 
iminediate change 
(red)  
i m s d i a t e  change 
(deep-red) -' 
no change 
immediate change 
(red)  
immediate change 
(brown) 
immediate change 
(red) 
--'..--- 
immediate change 
( dark  - b 1c own) 
Method of Iso- 
l a t i o n  of 
Complex 
p r e c i p i t a t e d  
with e t h e r  
(brown) 
d i d  no t  form 
p r e c i p t t  a t e d  
with ether 
( red)  
p r e c i p i t a t e d  
with e t h e r ;  low 
y i e l d  (red)  
d i d  n o t  form 
p r e c i p i t a t e d  
with e t h e r  
( red)  
p r e c i p i t a t e d  
with e t h e r  
(brown) 
p r e c i p i t a t e d  
with e t h e r  
( red)  
._-.IO..IPUI 
prec i p i tat ed 
with e t h e r  
(brown) 
_L_ 
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product  was complexed wi th  1.4 moles of  CE3FO2. 
methane con ten t ,  t h e  chemical composition of t h e  product  i s  C30€122.6N10,512 
which shows t h a t  it i s  somevhat low i n  carbon and n i t rogen ,  compared t o  t h e  
composition of  t h e  expected compound, C32H2oN12I2. 
p i t a t e d  from CH3CN s o l u t i o n  by e t h e r ,  washed w i t h  l a r g e  amount of e t h e r ,  and 
d r i e d  a t  4G°C under vacuum t o  a f f o r d  a brown powder ( y i e l d  about 30%},  nip 
110-112°C. 
775 cin 
When co r rec t ed  f o r  i t s  n i t r o -  
Th i s  product was r e p r e c i -  
I n f r a r e d  spectrum (KBr d i sc}  2210 cm'l ( C 3 )  1650, 1590, 1510 and 
The i n f r a r e d  spectruni of t h e  r e p r e c i p i t a t e d  product  i n d i -  -1 ( s t rong)  e 
ca ted  a v e r y  s t r o n g  abso rp t ion  band f o r  CN groups a t  2210 cm" and was almost 
t h e  same wi th  one of d iqua te rn ized  Sch i f f  base  i n  o t h e r  reg ions  o f  t h e  
s p ec t rum. 
Analys is :  Calc'd f o r  C32H20N1212 : 
C,  46.49; €1, 2.42; N ,  20.34; I, 30:75. 
Found: C, 50,34; H, 3.40; N ,  22.05; I, 16.40; 0,  7.68. 
Corrected": C y  55.10; H, 3.14; N ,  22,50; I, 19.30. 
9; 
For CH3NO2 con ten t .  
The e lementa l  a n a l y s i s  i nd ica t ed  t h a t  p r e c i p i t a t e d  product was complexed 
wi th  1.6 m o l e s  of  CH3N02 and t h e  chemical composition of r e p r e c i p i t a t e d  pro- 
duc t ,  c o r r e c t e d  for  i t s  ni t romethane con ten t  was CgzH62N3213, which co r re s -  
ponds t o  a mixture  composed of t h e  fol lowing t h r e e  components, C20H20N412, 
C2oH20N4I and C ~ O H ~ O N ~  complexed w i t h  5 moles of TCNE, thus :  
[ (C20H20N412 4- ( C ~ O H ~ O ~ ~ I ~ * T C N E ' } T C ~ E  -!r (620H20N4+'-* 2TCNE')TCNE] whose ele- 
mental  a n a l y s i s  i s  : 
4- 44- 
- 
Calc 'd:  C,  54.9; H, 3.1; N, 22,7; I, 19.3. 
T h i s  would i n d i c a t e  t h a t  t h e  iod ide  ion  o f  d i -qua tern ized  Sch i f f  base served  
as  t h e  e l e c t r o n  soui-ce f o r  t h e  formation of TCNE' w i th  t h e  iod ide  ion  being oxid.ized 
- 
t o  e lemental  i od ine ;  evidence of  which was obta ined  i n  t h e  f i l t r a t e s  from t h e  
r e a c t i o n .  
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ii. Charge-Transfer Complex (11.4 TCNE), 
I n t o  a 25-ml, three-neck,  round-bottom f l a s k  equipped wi th  a r e f l u x  con- 
denser  and a thermometer were p laced  d i -qua te rn ized  Sch i f f  base  (0.331 g ,  
0.5 m o l e ) ,  t e t r acyanoe thy lene  (0.256 g ,  2 nmole) and 10 m l  of a c e t o n i t r i l e .  
The r e a c t i o n  mixture  was hea ted  under a n i t r o g e n  atmosphere a t  5ooc for f i v e  
hours ,  and then  allowed t o  coo l  w i th  s t i r r i n g  a t  room temperature  f o r  e igh teen  
hours t o  y i e l d  a b lack  s o l u t i o n .  
0.5 mm Hg p r e s s u r e  t o  y i e l d  a b l ack  powder which was d r i e d  t o  cons t an t  weight 
i n  a vacuum oven a t  45°C f o r  twenty-four hours ,  a f f o r d i n g  a b lack  s o l i d  0.435 g 
The so lven t  was removed by evapora t ion  a t  
-1 (74.5%). I n f r a r e d  spectrum (KBr d i s c ) :  2210 cm ( C d ) ,  1660, 1590 (broad) ,  
-1 and 770 c m  . 
washed wi th  a l a r g e  amount of e t h e r  and d r i e d  a t  40°C i n  vacuum oven t o  cons t an t  
weight ,  y i e l d i n g  a b lack  powder, 0.1288 g (20%) ,  mp 163-"L65"C. I n f r a r e d  spec- 
trum (KEr  d i s c )  2210 c m - I  (C=N), 1650, 1590, 1550, 1500 and 765 c m  
The product  was r e p r e c i p i t a t e d  from CH$N s o l u t i o n  wi th  e t h e r ,  
-1 
(hroad).  
The i n f r a r e d  s p e c t r a  o f  t h e  evaporated and r e p r e c i p i t a t e d  products  showed a 
ve ry  sharp  abso rp t ion  band f o r  CN groups a t  2210 cm"'. 
Analysis :  Calc 'd  f o r  C44H20N20I2 : 
C,  48.80; H, 1.85; N ,  25.88; I, 23.47. 
Found: C ,  54.94; H,  3.20; N ,  22.02; I, 8.60; 0, 11.24 
The iod ine  conten t  of t h e  product was low and i t s  e lementa l  a n a l y s i s  cor -  
responded t o  a chemical composition of t h e  formula C 4 5 . s H 3 2 N 1 5 . 7 1 0 . s 7 7 ~ . 0 2  
a g a i n s t  t h e  expected C ~ ~ H Z O N Z O I ~ .  The product  appears  t o  be a mixture  com- 
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posed of one mole of C20H20N41+, 0.5 mole of C ~ O H ~ O N ~  , and 3 moles of TCNE 
conplexed wi th  1 ,55  moles of  CH3N02. I n  t h e  case  of  t h i s  1:4 r e a c t i o n ,  t h e  
e l imina t ion  from t h e  qua tern ized  Sch i f f  base of i od ide  by TCNE was more ex- 
t e n s i v e  than  i n  t h e  1:2 r e a c t i o n  bu t  i t  was no t  complete. Longer r e a c t i o n  t i m e s  
o r  h igher  temperature  probably would complete t h e  e l imina t ion .  The da ta  do 
appear t o  confirm, however, t h a t  t h e  iod ide  ion  of t h e s e  qua ternary  iod ides  
can  be exchanged f o r  a TCNE" anion r a d i c a l .  
- 
I n f r a r e d  spectrum (Appendix 1 7 ) .  
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c .  Formation of t h e  Charge-Transfer Complex Derived from 
Di-N-l":ethyl-(p-Xylylidene-di-2-aminopyridinium)-Iodide 
The d i -qua tern ized  Sch i f f  base (11) used i n  t h i s  experiment was prepared 
i n  CH3N02 and p r e c i p i t a t e d  from CEI3N02 s o l u t i o n  wi th  e t h e r ,  washed wi th  d ry  
e t h e r  and d r i e d  i n  vacuo a t  45°C t o  cons tan t '  weight ;  and shown t o  be complexed 
w i t h  1.5 moles of CEI3NO2, m.p. 108-111°C. 
To a warmed s o l u t i o n  (50°C) of TCNQ (0.2Ofi. g ,  1 m o l e )  of  a c e t o n i t r i l e  
i n  a 50-ml, three-neck,  round-bottom f lask  equipped w i t h  a r e f l u x  condenser,  
stirrer', thermometer, e tc . ,  under a n i t r o g e n  atmosphere, was added a s o l u t i o n  
(50°C) of d i -qua tern ized  Sch i f f  base (11) (0.331 g ,  0.5 mmole) i n  7 ml of 
a c e t o n i t r i l e .  
hours ,  and allowed t o  s t and  a t  room temperature  f o r  e igh teen  hours.  
The r e a c t i o n  mixture  was hea ted  wi th  s t i r r i n g  a t  50°C f o r  f i v e  
When t h e  solutLons of  (11) and TWQ were mixed toge the r ,  t h e  coloir o f  the 
r e a c t i o n  mixture  changed from l igh t -ye l low to dark-green immediately. On con- 
p l e t i o n  o f  t h e  r e a c t i o n ,  som2 product p r e c i p i t a t e d  when t h e  s o l u t i o n  was coQ?ed 
t o  room temperature .  
.* 
The so lven t  was removed by evapora t ion  a t  0.5 min Hg p res su re  t o  y i e l d  a 
b lack  powder which was d r i e d  t o  cons t an t  weight i n  a vacuum oven a t  40°C f o r  
twenty-four hours ,  a f f o r d i n g  a b lack  s o l i d ,  0.497 g (93%). The product  was 
r e p r e c i p i t a t e d  from a c e t o n i t r i l e  s o l u t i o n  wi th  e t h e r ,  washed wi th  a l a r g e  
volume of  e t h e r  and d r i e d  a t  40°C i n  a vacuum oven to cons tan t  weight .  The 
p r e c i p i t a t e d  product  was a pu rp le  powder, m.p. 183-185"C. 
. 
I n f r a r e d  spectrum (KBK d i s c )  2190, 2160 cm"' (CN) ;  1660, 1570, 1500, 
1350, 1175, 835 and 760 cm". The i n f r a r e d  s p e c t r a  of  t h e  evaporated and re- 
p r e c i p i t a t e d  product were s G b s t a n t i a l l y  id -en t i ca l  and showed very  sha rp  ab- 
s o r p t i o n  bands f o r  CN groups a t  2190 and 2160 cm". The r e s u l t  i n d i c a t e d  t h a t  
t h e r e  were two k inds  of  CN groups i n  t h e  cha rge - t r ans fe r  complex, due t o  
47 
coord ina ted  CN group and uncoordinated CN group i n  TCNQ: anion r a d i c a l .  
Analysis :  Calc 'd  f o r  C44H2pi2I2 (I. 2 TCNQ) : 
C,  53.99; IZ, 2.86; N ,  17.18;  I ,  25.97. 
Found: C,  67.01; H, 4 . 3 8 ;  N ,  22,22; I ,  3.18; 0, 3.21. 
The e lementa l  a n a l y s i s  i nd ica t ed  t h a t  carbon and n i t r o g e n  con ten t  were 
r i c h ,  i od ide  conten t  was ve ry  poor and some oxygen was r e t a i n e d  i n  t h e  com- 
plex.  I t s  e lementa l  a n a l y s i s  corresponded t o  a chemical composition of t h e  
formula C55.9H43,8N15.910.2502 a g a i n s t  t h e  expected C4~~H28N1212. 
appeared t o  be a mixture  composed of one mole of  C20H20N4+', 0.25 mole of 
C20H20b?417, and 2.5 moles o f  complexed TCNQ wi th  approximately one mole o f  
The product  
complexed CH3hTO2. 
I n  t h e  case of t h i s  1:2 r e a c t i o n ,  t h e  e l imina t ion  of iod ine  from t h e  
qua tern ized  Sch i f f  base  by TCNQ was n o t  complete. The da ta  do appear  t o  con- 
f i n n ,  however, t h a t  t h e  iod ide  i o n  of t h e s e  qua ternary  iod ides  can be  ex- 
changed f o r  a TCNQ: an ion  r a d i c a l .  I n f r a r e d  spectrum (Appendix 18) 
ii. Charge-Transfer Complex (11. 4 TCNQ. 
TCNQ (0.204 g ,  1 mmole) i n  15 m l  o f  a c e t o n i t r i l e  and d i -qua tern ized  Sch i f f  
base  ( I I ) (O.165 g,  0.25 nmole) i n  5 m l  of a c e t o n i t r i l e ,  were reac t ed  by t h e  
same procedure used f o r  t h e  11. 2 TCNQ complex. When (11) and TCHQ were mixed 
toge the r ,  t h e  c o l o r  of t h e  r e a c t i o n  mixture  changed from orange t o  dark-green 
immediately. The so lven t  was removed by evapora t ion  a t  0.5 mm Hg p res su re  
t o  y i e l d  a b lack  powder which was d r i e d  t o  cons tan t  weight i n  a vacuum oven 
a t  45°C overn ight ,  a f f o r d i n g  a b lack  s o l i d ,  0.349 g (95%). The product  was 
r e p r e c i p i t a t e d  from a c e t o n i t r i l e  s o l u t i o n  wi th  e t h e r ,  washed wi th  a l a r g e  
volume o f  e t h e r  and d r i e d  a t  40°C i n  a vacuum oven t o  cons t an t  weight.  The 
r e p r e c i p i t a t e d  product was dark-green, mop. 210-212°C. 
I n f r a r e d  spectrum (KBr d i s c )  2230, 2190, 2160 cm-l (CN); 1660, 1590 (con- 
juga ted  cyano-subs t i tu ted  double bond); 1570, 1500, 1350, 1175, 860 n e u t r a l  
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(TCHQ); 535 and 760 c m  . The i n f r a r e d  s p e c t r a  of t h e  evaporated and r ep re -  
c i p i t a t e d  product were i d e n t i c a l  and showed ve ry  sha rp  abso rp t ion  bands f o r  
CN groups a t  2230, 2190 and 2160 cm-' r e s p e c t i v e l y .  The i n f r a r e d  s p e c t r a  
ind ica t ed  t h a t  t h e  abso rp t ion  bands f o r  CN groups were d i f f e r e n t  from t h e  
bands i n  t h e  1 :2  complex, and t h e r e  were t h r e e  d i f f e r e n t  k inds  of CN groups 
due t o  t h e  CN group of n e u t r a l  TCNQ, and t o  coord ina ted  and uncoordinated C2.l 
groups of TCNQ: an ion  r a d i c a l .  
TCNQ i n  t h e  complex. 
These d a t a  suggest  t h e  presence o f  n e u t r a l  
Analys is :  Calc 'd  f o r  C6sH36N2012 (11. 4 T,CNQ) : 
C,  58.87; H, 2.60; N, 20.20; I, 18.33. 
Found: C ,  67.83; H, 3.60; N,  23.70; I, none; 0, 4.87. 
Its e lementa l  a n a l y s i s  corresponded t o  a chemical composition of t h e  
formula C56,5H3,6N16,903.0 a g a i n s t  t h e  expected C68H36NZoL2e 
i c a l  composition of  t h e  r e p r e c i p i t a t e d  product corresponded t o  +,he fol lowing 
components, (C20H2$?4+'.'2 TCNQI) complexed wi th  one mole of TCNQ and 1.S moles 
of CR3N02, t hus  [ ( C ~ - J H ~ O N ~ * .  2 TCNQ-) .TCNQ] 1.5 CH3N02 whose c a l c u l a t e d  e le-  
mental  a n a l y s i s  i s  C, 67.7; H, 3.58; N ,  24.0; 0, 4.72 which i s  i n  good agree-  
ment wi th  t h e  va lues  found. 
Thus, t h e  chem- 
IR t h e  case of t h i s  1:4 r e a c t i o n ,  the e l imina t ion  from t h e  qua tern ized  
Sch i f f  base  of i od ide  by TCNQ occurred completely,  showing t h a t  the i od ide  
i o n  of t h e s e  qua tern ized  Sch i f f  base can  be  exchanged f o r  a TCNQ: anion r a d i -  
cal .  This  would i n d i c a t e  t h a t  t h e  chemical composition of t h e  complex i s  
( C ~ O H ~ O E ~ * . ~  TCHQ'=).TCHQ complexed wi th  1.5 mole of CR3NO2 and wi th  one mole 
A 
of n e u t r a l  TCNQ of t h e  fol lowing s t r u c t u r e :  
I n t e r a c t i o n  of t h e  n e u t r a l  XCNQ wi th  di-TCNQ: an ion  r a d i c a l  may be poss i -  
I n f r a r e d  spectrum (Appendix 19) .  b l e  by t h e  formation of a sandwich such as shown. 
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d e  P repa ra t ion  of  Li thium Tetracyanoquinodimethan, L i f r C N C  
To a b o i l i n g  s o l u t i o n  of  1.53 g (7.5 mmoles) of  TCNQ i n  150 m l  of ace to -  
n i t r i l e  t h e r e  was added, w i th  s t i r r i n g ,  a b o i l i n g  s o l u t i o n  of  3.00 g (22,5 
m o l e s )  of l i t h i u m  iod ide  i n  7.5 m l  of a c e t o n i t r i l e .  The c o l o r  of  t h e  r eac -  
t i o n  s o l u t i o n  changed from yellow t o  dark-brown immediately. 
room temperature ,  purp le  c r y s t a l s  were sepa ra t ed  from t h e  dark-brown s o l u t i o n .  
On coo l ing  t o  
The mixture  was allowed t o  s t and  f o r  f o u r  hours  a t  room temperature;  then  t h e  
pu rp le  s o l i d  was c o l l e c t e d  and washed wi th  a c e t o n i t r i l e  f i v e  t i m e s  u n t i l  t h e  
washing was b r i g h t  green.  T h i s  was followed by washing t h e  p r e c i p i t a t e  w i t h  
a l a r g e  volume of e t h e r  seven times u n t i l  t h e  washings were c o l o r l e s s .  
purp le  c r y s t a l s  were d r i e d  a t  45°C i n  a vacuum oven t o  cons t an t  weight ,  
a f fo rd ing  a pu rp le  powder 1.538 g (97.5%). 
bu t  decomposed p a r t i a l l y  a t  approximately 240 "C. I n f r a r e d  spectrum (Appendix 20). 
The 
The Li'TCNQ; d i d  r,ot m e l t  a t  360"C, 
i n f r a r e d  spectrum (KBr d i s c ) ,  2220, 2170 (CN) broad;  1580, 1505, 1360, 
-1 
1320 (broad) ; 1180, 880 (sharp)  ; 830 (very  sharp)  and 725 c m  The i n f r a r e d  
spectruin of Li-'(TCNQ:) was very  d i f f e r e n t  from t h a t  of  TCNQ and ind ica t ed  a 
ve ry  s t r o n g  broad abso rp t ion  band f o r  CN group a t  2220-2170 c m  . (Appendix 21) -1 
e. Formation of t h e  Charge-Transfer Complex Derived from 
k11) and Li thium Tetracyanoquinodimethz.  
To a warm s o l u t i o n  a t  50°C of Li'(TCNQ7) (0.1055 g ,  0.5 m o l e )  i n  10 ml 
o f  a c e t o n i t r i l e  i n  a 50-ml, three-neck,  round-bottom f l a s k  equipped wi th  a 
r e f l u x  condenser,  s t i r rer ,  thermometer, etc. under a n i t r o g e n  atrimsphere, was 
added a s o l u t i o n  of d i -qua tern ized  Schi f f  base (i1) (0.25 m o l e )  i n  5 m l  o f  
a c e t o n i t r i l e ,  When (11) and Li'(TCNQy) s o l u t i o n s  were mixed t o g e t h e r  , t h e  
c o l o r  of t h e  r e a c t i o n  s o l u t i o n  became dark-green immediately. 
t i o n  mixture  was heated  wi th  s t i r r i n g  a t  50°C f o r  f i v e  hours  and allowed t o  
Then t h e  reac- 
s t and  a t  rooni temperature  f o r  e igh teen  hours  e 
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The so lven t  was removed by evapora t ion  a t  0.5 mm Hg p res su re  t o  y i e l d  a 
b lack  powder which was d r i e d  t o  cons t an t  weight a t  45°C i n  a vacuum oven €or 
twenty-four hours ,  a f f o r d i n g  a b l ack  s o l i d  0.263 g (97%). A p o r t i o n  of t h e  
evaporated product  was washed f i v e  t i m e s  each wi th  2 m l  of  d ry  e t h e r  t o  d i s -  
so lve  out  t h e  formed 1,iI from t h e  r e a c t i o n  mixture .  L i I  i s  very  s o l u b l e  i n  
e t h e r .  
I n f r a r e d  spectrum (IBr d i s c )  2200 cm'l (CW) broad;  1650, 1580, 1505, 
1360-1320 (broad);  1180, 990, 830 (sharp)  and 760 cm"'. The i n f r a r e d  s p e c t r a  
of  evaporated and washed products  were t h e  same and very  similar t o  t h a t  of 
Li'(TCNQ7) except  f o r  t h e  bands a t  1650 and 760 cm"'; due t o  t h e  qua ternary  
product.  
p a r t i a l l y  . 
The product d i d  no t  m e l t  a t  350"C, but  decomposed a t  220-230°C 
Analys is :  Calc 'd  f o r  C44H28Nl2 : 
C, 72.93; H, 3.87; N, 23.20. 
Found: C, 44.83; TI, 2.80; N, 16.15; I, 33.56; 0, 2.63. 
I ts  e lementa l  a n a l y s i s  corresponded t o  a chemical composition of  t h e  . 
formula C28.4H21.2Ng.81201.2 a g a i n s t  t h e  expected C44H2@12; t h e  d e s i r e d  com- 
pound was no t  obtained.  The i s o l a t e d  product  was on ly  t h e  mixture  of s t a r t i n g  
m a t e r i a l s  s i n c e  r e a c t i o n  d i d  no t  occur  i n  a c e t o n i t r i l e .  Th i s  reasor, may be  
due t o  t h e  f a c t  t h a t  t h e  chemical a f f i n i t y  of TCNQ: an ion  r a d i c a l  f o r  L i +  i s  
s t r o n g e r  than  f o r  t h e  d i -qua tern ized  Sch i f f  base  c a t i o n  C20H20N4* and thus  
t h e  iod ide  i o n  of t h e  qua ternary  Sch i f f  base  cannot be exchanged wi th  TCNQT 
anion r a d i c a l  i n  a c e t o n i t r i l e .  On t h e  o t h e r  hand, t h e  fol lowing r e a c t i o n  
occurs  comFletely and Li'(TCNQ7) i s  obta ined  q u a n t i t a t i v e l y .  
L i I  -!- TCBQ --+ Li'(TCWQ:) -I- 12 
This  r e a c t i o n  was a l s o  at tempted i n  abso lu te  e thano l  a t  78°C f o r  f i v e  
hours  under a n i t r o g e n  atmosphere, A f t e r  r e a c t i o n ,  t h e  mixture  was f i l t e r e d  
t o  remove 0,025 g of  an  i n s o l u b l e  product .  The f i l t r a t e  s o l u t i o n  was eva- 
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porated t o  dryness  a t  0.5 rzlm Hg p res su re  and d r i e d  a t  45OC i n  a vacuum oven 
overnight  , a f f o r d i n g  a b l ack  powder, 0.130 g. The evaporated product was 
washed wi th  l a r g e  amounts .of e i t h e r  t o  d t s s o l v e  ou t  L i I  and d r i e d  i n  a vacuum 
oven a t  40°C over  P2O5 overn ight ,  y i e l d i n g  a washed b l ack  powder, 0.056 g,  
m.p. 232-235°C. 
-1 
I n f r a r e d  spectrum (KBr d i s c )  2200 em (CN) broad;  1655, 1580, 1505, 
-1 1360-1330 (broad);  1180, 990, 830 (very sharp)  and 760 c m  (very s t r o n g ) ,  
The i n f r a r e d  spectrum of t h i s  product was almost t h e  same wi th  one of prc-  
v ious  evaporated product  and ind ica t ed  a very  s t r o n g  broad abso rp t ion  band 
f o r  CN groQps a t  2200 cin-l .  
Analysis  : Calc 'd  f o r  C44828N12 : 
C, 72.93; H, 3.87; N, 23.20. 
Found: C ,  46.72; K ,  3.68; N,  16.82; I, 36.70; 0, 1.88. 
Ash: A l k a l i  m e t a k t r a c e ,  
I t s  e lementa l  a n a l y s i s  corresponded t o  a chernical composi.tion of  the 
compound 1.7as no t  ob ta ined  
The chemical composition of t h e  product  corresponded t o  t h e  fol lowing 
mixture  of  components, C20N20N4I2, LiTCNQ, complexed wi th  0.5 mole of CH3NO2 
whose e lementa l  a n a l y s i s  i s  i n  good agreement wi th  the va lues  found. 
Calc 'd:  C,  48.4; H,  3 , 2 ;  N ,  14.8; I ,  31.6; 0, 2.0. 
Found: C, 46.72; H,  3.68; N, 16.82; I, 30.70; 0, 1.88. 
f Poimation of t h e  Charge-Transfer Complex Derived froia D i - N -  
-_I_ - . - V - - Y I I - . , s -  
l s t h y l -  (p-Xyl.yli v
Lithium Tetracyanoquinodimethan and Tetracyanoquinodimethan. -- 
-i- i. Charge-Transfer Complex [II. 2 L i  (TCNQ-) .2 TCN& 
To a h o t  s o l u t i o n  of Li'(TCNQ7) (0.106 g 9  0.5 mmole) and TCNQ (0.102 E;, 
0.5 mnole) i n  15 ml of a c e t o n i t r i l e  i n  a 50-rn1, three-neck,  round-bottom f l a s k  
equipped Q i t h  a r e f l u x  condenser,  s t i r rer ,  thermometer, e tc ,  under a n i t r o g e n  
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atmosphere was added a s o l u t i o n  of d i -qua tern ized  Sch i f f  base ,  (II), (0.165 
g ,  0.25 mmole) i n  5 m l  of a c e t o n i t r i l e .  Then t h e  r e a c t i o n  mixture  was hea ted  
wi th  s t i r r i n g  a 50°C f o r  f i v e  hours and allowed t o  s t and  a t  room temperature  
f o r  e igh teen  hours.  
The c o l o r  of  t h e  r e a c t i o n  mixture  was dark-green. The so lven t  was removed 
by evapora t ion  a t  0.5 mm Hg p re s su re  t o  y i e l d  a b lack  s o l i d  which was d r i e d  
t o  cons t an t  weight a t  45°C i n  a vacuum oven f o r  t e n  hours ,  y i e l d  0.361 g 
(97%); a p o r t i o n  of t h e  evaporated product ,  0,080 g ,  M ~ S  waslied f i v e  t i m e s  
each wi th  2 m l  of dry e t h e r  t o  remove LIL from t h e  r e a c t i o n  mixture .  
I n f r a r e d  spectrum (KBr d i s c )  2220-2190 crn'l (CN) broad;  1660, 1570, 1505, 
1360-1320 (broad);  1180, 990, 840, 830 and 760 c m - l .  The i n f r a r e d  s p e c t r a  of 
evaporated and washed product were i d e n t i c a l  and showed a v e r y  s t r o n g  broad 
a3sorp t ion  band f o r  CN groups a t  2220-2190 crn . -1 The product d id  n o t  m e l t  
a t  36OoC, b u t  decomposed p a r t i a l l y  a t  220-230°C. 
Analys is :  Calc 'd  f o r  C681'.2~N20 : 
C ,  72.08; H,  3,18; N ,  24.74. 
Found: C ,  62.08; H, 3.12; N ,  21.69; I ,  8.80; 0, 0.32. 
I t s  e lementa l  a n a l y s i s  corresponded t o  a chemical composition of t h e  
formula Cg7.6H31c.7N17.21~,7703 a g a i n s t  t h e  expected product  C6gH36N20. 
i od ide  con ten t  of t h e  product  was cons iderably  lower than  t h a t  of t h e  s t a r t i n g  
The 
r e a c t i o n  mixture .  Th i s  would i n d i c a t e  t h a t  t h e  e l imina t ion  of i o d i d e  ion  
from t h e  qua tern ized  S c h i f f  base  (11) by n e u t r a l  TCNQ was incomplete and t h a t  
t h e  iod ide  Lon was exchanged p a r t i a l l y  f o r  t h e  TCHQ; anion r a d i c a l ,  The pro- 
duct  would appear  t o  be a mixture  of t h e  fol lowing components: C ~ O H ~ O N ~ I I - ,  
coinplexed w i t h  4. moles of TCNQ and 1.5 moles of  C K ~ N O Z ,  thus 
[ (C20H20N~Xb,TCNQ') .3 TCNQ. 1.5 CH3N02] whose c a l c u l a t e d  elemental  a n a l y s i s  i s  
Calc 'd:  C ,  61.7; H ,  3.0; N ,  22.3; I ,  9.4; 0, 3.6. 
The elemental  a n a l y s i s  c l e a r l y  shows t h a t  t h e  r e a c t i o n  was not  su,ccessful  
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i n  C B ~ N O Z ,  and t h a t  on ly  p a r t i a l  r e a c t i o n  had occurred.  Fu r the r ,  t h i s  reac-  
t i o n  was at tempted a l s o  i n  abso lu t e  e thano l  by t h e  procedure used f o r  t h e  
r e a c t i o n  i n  n i t romethane . .  Af t e r  r e a c t i o n ,  t h e  mixture  was f i l t e r e d  t o  re- 
m w e  traces of i n s o l u b l e  product.  The in so lub le  product  was i d e n t i f i e d  by 
i t s  i n f r a r e d  spectruir, t o  be a mixture  o f  unreacted L i  (TCNQ:) and TCNQ. 
f i l t e r e d  
4- The 
s o l u t i o n  was evaporated t o  dryness .  a t  0.5 nm Hg p res su re  and d r i e d  
> 
a t  40°C i n  a vacuum oven overn ight ,  a f fo rd ing  a b l ack  powder. The evaporated 
product was washed wi th  l a r g e  amounts of  e t h e r  f i v e  t i m e s  t o  remove L i I  and 
d r i e d  a t  40°C i n  a vacuum oven over P2O5 overn ight ,  a f f o r d i n g  a b lack  powder, 
m.p. 223-226°C. 
I n f r a r e d  spectrum (KBr d i s c )  2200-2160 crn” (CN) (broad);  1655, 1580, 
1500, 1350 (broad) ;  1170, 830 and 760 c m v l 0  
duc t  showed a ve ry  s t r o n g  broad abso rp t ion  band f o r  CN a t  2200-2160 cm 
The i n f r a r e d  spectrum of  t h e  pro-  
-1 . 
Analys is :  Calc’d f o r  C68K36N2[) : 
C,  72.08; H,  3.18; B, 24.74.. 
Found: C,  53.20; H ,  3.82; N ,  18.62; I, 22.32; 0, 1.96, 
I t s  e lementa l  a n a l y s i s  corresponded t o  a chemical composition of  t h e  
formula C50.5H43.5N15.21201,4 a g a i n s t  t h e  expected product  C68H36N20. 
product  appears  t o  be a mixture  composed of  t h e  fo l lowing  components, 
The 
C20H20Nq12, 2.5 moles of TCNQ and 0.7 mole of CH3NO2 whose elemental  a n a l y s i s  i s  
Calc’d: C,  54.2; H, 2.86; N ,  18.3; I, 22.6; 0,  1.99. 
Also t h e  r e a c t i o n  was no t  success fu l  i n  a b s o l u t e  e thano l  and t h i s  r e s u l t  
does appear t o  confirm t h a t  t h e  qua tern ized  Sch i f f  base  (11) does no t  r e a c t  
w i th  Li- (TCNQ:) and t h e  iod ide  ion  of  t h e  qua ternary  Sch i f f  base cannot be 
exciianged f o r  TCNQ- an ion  r a d i c a l ,  and t h a t  t h e  d e s i r e d  compound was not  
obtained.  None of t h e  elemental  ana lyses  conforms o r  i s  c l o s e  t o  t h e  va lues  
of p o s s i b l e  compounds of t h e  s t r u c t u r e ,  
4- 
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n = l ,  2 o r 3  
4- - 
i. Charge-Transfer Complex IIV.3, L i  (TCNQ') 1. 
The d i -qua te rn ized  Sch i f f  base  ( I V )  used i n  t h i s  experiment was prepared 
i n  CH3N02, p r e c i p i t a t e d  from t h e  CH3NO2 s o l u t i o n  wi th  e t h e r ,  washed wi th  dry  
e t h e r  and d r i e d  i n  vacuum a t  room temperature  t o  cons t an t  weight ,  and shown 
t o  be complexed wi th  one mole of CH3NO2, mop. 62-65°C. 
Absolute e thano l  was used as a so lven t  f o r  t h e  p repa ra t ion  of  the charge..- . 
t r a n s f e r  complex, because t h i s  d i -qua tern ized  me thy l su l f a t e  Sch i f f  base was 
r e l a t i v e l y  i n s o l u b l e  i n  a c e t o n i t r i l e .  
To a h o t  s o l u t i o n  o f  t h e  d i -qua tern ized  Sch i f f  base  ( I V )  (0.150 g,  0.25 
mmole) i n  10 ml of e thano l  i n  a 50-ml, three-neck,  round-bottom f l a s k  equipped 
wi th  a r e f l u x  condenser,  s t irrer,  thermometer, etc. under a n i t r o g e n  atmos- 
phere 1.7as added a s o l u t i o n  of L i  (TCNQ") (0.lOG g ,  0.5 mmole) i n  10 m l  o f  
ethanol..  The r e a c t i o n  mixture  was maintained a t  70°C f o r  t e n  minutes.  When 
so lu t ' ions  of (IV) and Li+(TCHQ7) were mixed, t h e  color  of  t h e  r e a c t i o n  m i x -  
t u r e  changed immediately from l igh t -o range  t o  dark-green. The r e a c t i o n  mlx- 
t u r e  was hea ted  wi th  s t i r r i n g  a t  50°C f o r  f i v e  hours  and allowed t o  s tand  a t  
room temperature  f o r  s i x t e e n  hours ,  forming a small amount of' p r e c i p i t a t e .  
The s o l u t i o n  was f i l t e r e d  t o  remove t h e  p r e c i p i t a t e d  product ,  0.021 g (8.4%) e 
Then t h e  f i l t e r e d  s o l u t i o n  was evaporated t o  dryness  a t  0.5 mm Hg p res su re  
and d r i e d  a t  40°C i n  a vacuum oven t o  cons t an t  weight ,  y i e l d i n g  a b lack  s o l i d ,  
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0.125 g. A p o r t i o n  of  t h i s  product,  0.100 g ,  was washed f i v e  times each wi th  
2 m l  o f  ice-water t o  remove Li'CEI3SOZ from t h e  mixture ,  t hen  washed wi th  dry  
e t h e r  and d r i e d  a t  40°C i n  a vacuurn oven t o  cons t an t  weight ,  y i e l d i n g  a b lack  
powder 0,057 g ,  m.p. 205-206°C. 
I n f r a r e d  spectrum (KBr d i s c )  2180 cm'l (CN);  1660, 1580, 1500, 1350, 1180, 
"I 830 and 770 c m  . 
abso rp t ion  band f o r  CN groups a t  2180 c m - l ;  t h e  broad abso rp t ion  band f o r  SO+ 
groups a t  1250-1200 cm"' disappeared completely.  
The i n f r a r e d  spectrum of t h e  product  s h o w d  a ve ry  s t r o n g  
Analysis :  Calc 'd  f o r  C44H28N12 : 
C,  72.93; H, 3.87; N ,  23.20, 
Found: C,  69.22; H, 4.78; N ,  22.15; S,  0.45; 0, 2,93, 
I ts  e lementa l  a n a l y s i s  corresponded t o  a chemical composition of  t h e  f o r -  
mula C57. 7H47. 8N15 ~ sSo, 1401 ~ 83 a g a i n s t  t h e  expected C44H2.8N14 e The elemental  
a n a l y s i s  showed t h a t  s u l f u r  conten t  of t h e  product was very Low and t h e  re.ac- 
t i o n  occurred almost coinpletely.  The chealical cornpsi t ior :  of t h e  product ap- 
pears  t o  correspond t o  a mixture  of t h e  fol lowing components, C20R20??4'{-i-, 2 
moles of  TCNQ:, 0.11 mole o f  CB3SO4 and 0.5 mole o f  complexed CH3NO2, thus :  
(C20HzoN4*.2 TCNQ') f 0.11 CH3S94 4- 0.5 CK3NO2 whose e lementa l  a n a l y s i s  i s :  
Calc 'd:  C,  69.8; H, 3,89; N ,  22.8; S,  0.46; 0, 3.0, 
which would i n d i c a t e  t h a t  t h e  r e a c t i o n  occurs  almost completely and t h e  d e s i r e d  
compound i s  obta ined  bu t  con ta in ing  a v e r y  smal l  amount of  unreacted qua te r -  
n i zed  group. The e lementa l  a n a l y s i s  i s  a l s o  reasonably c l o s e  t o  t h e  oxid ized  
form of t h e  bis-complex: 
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Calc 'd:  C,  71.6 ; H, 4.0 ; N, 19.9 ; 0, 4.5 . 
Found: C ,  69,22; II, 4,78; N, 22,15; 0, 2.93. 
The bands i n  t h e  i n f r a r e d  f o r  t h e  qua ternary  n i t r o g e n  and t h e  C-0 a r e  
loca t ed  i n  t h e  same reg ion  of t h e  spectrum a t  1660 cm'l. 
trum of  t h e  compound was no t  u s e f u l  i n  d i s t i n g u i s h i n g  between t h e  oxid ized  
s t r u c t u r e  and t h e  ni t romethane complex. 
The i n f r a r e d  spec-  
I n  a n  at tempt  t o  remove CH3SO4 from t h e  product  completely,  0.093 g of 
evaporated product was washed. seven times each wi th  3 nil of  ice-water ,  d r i e d  
and e x t r a c t e d  wi th  d ry  e t h e r  i n  a Soxhlet  appara tus  f o r  twenty-one hours  
u n t i l  e x t r a c t e d  s o l u t i o n  was c o l o r l e s s .  Then t h e  b l ack  r e s i d u e  was d r i e d  a t  
40°C i n  a vacuum oven t o  cons tan t  weight ,  y i e l d i n g  a b l ack  s o l i d ,  0.037 g ,  
m.p .  207-210°C. 
The i n f r a r e d  spectrum of  t h e  r e s i d u e  was identical wi th  t h c t  of 
t h e  previous product and ind ica t ed  a v c s y  s t r o n g  abso rp t ion  band f o r  CN groups 
a t  2180 cnw1. 
Analys is :  Calc 'd f o r  C441I18N12 : 
C ,  72.93; H, 3.87; N ,  23.20. 
Found: C ,  67.48; €1, 4.51.; N ,  22.50; S, 0.32; 0,  5.18. 
I t s  e lementa l  a n a l y s i s  corresponded t o  a chemical composition o €  t h e  
formula C56.2H45.1N16.1SO~~03~2 and s u l f u r  conten t  of t h e  product was less 
than  t h a t  of t h e  prev ious  product .  The product appears  t o  be  a mixture  coin- 
posed of t h e  follo.1.7ing components: C ~ O N ~ O ~ T : ; ~ - ,  2 moles of  TCMQ' and 0.03 
CH,S04 complexed wi th  1.16 moles of CH3NO2, thus :  
C20H20N4H.2 TCHQY -I- 0.08 CH3SO4 -1- 1.16 CH3NO2 whose e lementa l  a n a l y s i s  i s  
0 
Calc 'd:  C ,  67.5 ; €1, 3.95; N ,  22.9 ; S,  0 ,32;  0, 5.3 . 
Theory - Calc 'd  €or C20H20hTLH-.2 TCHQ-.CH3N02 : 
C, 68.8 ; H, 3.35; N, 23.2 ; 0, 4.1 . 
57 
This  r e s u l t  would i n d i c a t e  t h a t  t h e  r e a c t i o n  occurs  almost completely 
and t h e  d e s i r e d  compound complexed ~ 7 2 t h  1 moleof CH3N02 i s  obta ined .  
t h e  a n a l y s i s  i s  a l s o  reasonably c l o s e  t o  t h a t  f o r  t h e  oxid ized  form of t h e  
bis-complex given above. 
However, 
To a t tempt  t o  achieve  a complete r e a c t i o n ,  t h e  r e a c t i o n  of t h e  di-qua- 
t e r n i z e d  S c h i f f  base  ( I V )  was performed i n  abso lu te  ethanol, wi th  s l i g h t  e x -  
cess of Lic(TCMQT) (2 ,2  moles). To a b o i l i n g  s o l u t i o n  of d i -qua tern ized  Sch i f f  
base  (0.150 g ,  0.25 mmole) i n  15 m l  of e thano l  i n  a 5 0 - m l ,  three-neck,  round- 
bottom f l a s k  equipped wi th  stirrer, r e f l u x  condenser,  thermometer, etc. ,  was 
added a s o l u t i o n  of Li (TCBQT (0.116 g t  0.55 ntmole) i n  7 m l  of a b s o l u t e  
e thano l  under a n i t r o g e n  atmosphere. The r e a c t i o n  mixture  was hea ted  a t  7 8 O C  
f o r  one hour ,  followed by fou r  hours  a t  50°C, and then  allowed t o  s t and  a t  
room temperature  f o r  s i x t e e n  hours .  The c o l o r  of  t h e  r e a c t i o n  s o l u t i o n  was 
deep-green. The r e a c t i o n  s o l u t i o n  was f i l t r a t e d  t o  remove a small. amount of 
p r e c i p i t a t e d  product ,  0.029 g. The f i l t r a t e  was evaporated t o  dryness  a t  0.5 
mi Hg p res su re  and d r i e d  a t  40°C t o  cons tan t  weight i n  a vacuum oven, y i e l d i n g  
a b lack  s o l i d  0.243 g. A p o r t i o n  of  t h i s  
product ,  100 mg, was washed seven t i m e s  each wi th  3 m l  of ice-water t o  remove 
- 3 .  
L i  CH3S04 from t h e  mixture ,  d r i e d  and e x t r a c t e d  w i t h  d ry  e t h e r  i n  a Soxhlet  
appara tus  f o r  t h i r t e e n  hours  u n t i l  t h e  e x t r a c t e d  s o l u t i o n  becane c o l o r l e s s .  
The m a t e r i a l  ba lance  was very  good. 
- 
Then, t h e  r e s i d u e  was d r i e d  a t  4.0°C i n  a vacuum oven, t o  cons tan t  
weight ,  y i e l d i n g  a b l ack  s o l i d ,  0.050 g,  m.p. 205-207OC. 
I n f r a r e d  spectrum (KBr d i s c )  2180 cm"' (Chi), 1660, '1.580, 1500, 1350, 
1175, 835 and 770 cm". 
with t h a t  of t h e  of 1 : 2  r e a c t i o n  product  and ind ica t ed  a very  s t r o n g  absorp- 
The i n f r a r e d  spectrum of t h e  r e s i d u e  was i d e n t i c a l  
t i o n  band f o r  CN groups a t  2180 cm"'. 
-I__ Analys is :  CaZc'd f o r  C44H28N12 : 
Found: C, 67.55; H ,  4 ,63;  N, 22.77; S,  0.87; 0, 4,35. 
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I t s  e lementa l  a n a l y s i s  corresponded t o  a chemical composition of  t h e  
formula C56,4H46.8N16.3S0,2702~7 and s u l f u r  conten t  of  t h e  product was s l i g h t l y  
h ighe r  t han  f o r  t h e  1:2 r e a c t i o n  product ,  This  product  appears  t o  be a mix- 
t u r e  of t h e  fol lowing components: C20H20N4'W., 2 moles of TCNQ' and 0.2 CH~SOL, 
complexed w i t h  0.63 moles of CH3NO2, thus :  
C20H20MqC1..2 TCNQ' -5 0.2 CH3SO4 -J- 0.63 CB3NO2 whose e lementa l  a n a l y s i s  i s  
Calc 'd:  C y  68.50; H, 3.88; N ,  22.50; S,  0.85; 0, 4,27. 
Theory - c a l c ' d  f o r :  C ~ O B ~ O N / : + . ~  TCNQI.CH3N02 : 
C, 68.50; H, 3.35; N ,  22.20; 0, 4.10. 
These r e s u l t s  would i n d i c a t e  t h a t  t h e  r e a c t i o n  occurs  almost completely 
even though t h e  d e s i r e d  compound f r e e  of s u l f u r  i s  n o t  obtained.  
t h e  elemental  a n a l y s i s  i s  a i s 0  reasonably c l o s e  t o  t h a t  f o r  t h e  oxid ized  form 
of t h e  bis-complex given above. I n f r a r e d  spectrum (Appendix 22) .  
However, 
h. Formation of - t h e  C h s e - T r a n s f e r  Complex D e r i v e d  -..-iUI-.-* from 
I> i -N -Me thy  1 - ( p -Xy 1 y 1 i d  ene - d i -  2 --amino p y r i d  i n  i.~:ml -Me t l&- 
P U  s u 1 fa  t e_LIV) and 5; it h ium T e t r .a cyano&no -*e- d i m e  t han a nd 
Tetracyanoquinodinethan, __ 
-I- i. Charge-Transfer Complex [LV. 2 L i  (TCMQ:) .2  TCNQ)] * 
To a h o t  s o l u t i o n  o f  d i -qua tern ized  Sch i f f  base  me thy l su l f a t e  ( I V )  (0.150 
g ,  0.25 m o l e )  i n  10 ml o f  abso lu te  e thano l  i n  a 50-ml, three-neck,  round- 
bottom f l a s k  equipped wi th  a r e f l u x  condenser,  stirrer, thermometer, etc. was 
added a ho t  s o l u t i o n  of Li+(TCrJQ') (0.106 g ,  0.5 miole) and TCNQ (0.102 g,  
0.5 m o l e )  i n  1 2  r n l  of abso lu t e  e thano l  under a n i t r o g e n  atmosphere. 
c o l o r  of  t h e  r e a c t i o n  mixture  was dark-green, 
t a i n e d  wi th  s t i r r i n g  a t  78°C f o r  twenty minutes ,  which was followed by f i v e  
hours a t  50°C. Then t h e  mixture  was allowed t o  s t and  a t  room temperature  f o r  
n ine teen  hours  y i e l d i n g  a p r e c i p i t a t e .  The p r e c i p i t a t e  vas  c o l l e c t e d  by f i l -  
t r a t i o n ,  washed wi th  10 nil. of mixture  composed of e thano l  and water  (volume 
r a t i o  4:.1) and f i n a l l y  washed 17ith dry e t h e r ,  The product was d r i e d  a t  40°C 
The 
The r e a c t i o n  mixture  was main- 
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i n  a vacuum oven over  P2O5 t o  cons tan t  weight ,  y i e l d i n g  a dark-green powder, 
0.110 g (31%), which contained yellow c r y s t a l s  o f  unreacted TCHQ. The f i l -  
t r a t e  was evaporated t o  dryness  a t  0.5 m Kg p res su re  and d r i e d  a t  40°C i n  a 
vacuum oven t o  cons tan t  weight ,  y i e l d i n g  a b l ack  s o l i d ,  0.193 g.  A p o r t i o n  
of t h e  product ,  0.088 g was washed f i v e  t i m e s  w i th  2 ml of ice-water  t o  re- 
move Li'CH3S64 from t h e  m i x t u r e ,  d r i e d  and washed wi th  dry  e t h e r .  Then t h e  
product was d r i e d  a t  40°C i n  a vacuum oven over  P2O5 t o  cons t an t  weight ,  
y i e l d i n g  a b l ack  s o l i d ,  0.031 g,  m.p. 204-206°C. 
I n f r a r e d  spectrum (KBr d i s c ) ,  2180 cm" (CN), 1660, 1530, 1505, 1350, 
1175, 990, 330 and 770 cm-'. 
a very  s t r o n g  abso rp t ion  band f o r  CN groups a t  2180 c1n-l and t h e  broad absorp- 
t i o n  bands f o r  SO3H groups a t  1250-1200 cm"' d i sappeared  completely.  
The i n f r a r e d  spec t run  of t h e  prodrrct i n d i c a t e d  
Analys is :  Calc'd f o r  C68H36N20 : 
Cy 72.98; H ,  3.18; N, 24-.74. 
Found: C ,  67.61; H ,  4.35; N ,  23,27; S ,  1.08; 0 ,  4.04. 
I t s  e lementa l  a n a l y s i s  corresponded t o  a chemical composition of t h e  
formula C56.4H43,5N16.5S0.3402.5 a g a i n s t  t h e  expected C63H36N20. 
t h e  e lementa l  a n a l y s i s  i nd ica t ed  t h a t  s u l f u r  conten t  was very  low and t h e  de- 
However, 
s i r e d  r e a c t i o n  occurred almost completely.  
I n  an at tempt  t o  remove C l 1 3 ~ ~ &  from t h e  product ,  0.087 g of evaporated 
product vas  washed seven t i m e s  each wi th  3 m l  o f  ice-water ,  d r i e d  and ex- 
t r a c t e d  wi th  dry e t h e r  i n  a Soxhlet  appara tus  f o r  twenty-one hours  u n t i l  ex- 
t r a c t e d  s o l u t i o n  was c o l o r l e s s .  Then t h e  b lack  r e s i d u e  was d r i e d  a t  40°C i n  
a vacuum oven t o  cons tan t  weight ,  y i e l d i n g  a b lack  s o l i d ,  0.026 g ,  m.p. 204- 
207OC. The i n f r a r e d  spectrum of t h e  r e s i d u e  was i d e n t i c a l  t o  one of t h e  un- 
e x t r a c t e d  product .  
Analysis :  Calc 'd  f o r  C68H36N20 : 
. .  
C ,  72.08; H ,  3.18; N ,  24.74. 
Found: C y  67.62; H ,  4.48; N, 22.87; S ,  0.58; 0 ,  5.03. 
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I t s  e lementa l  a n a l y s i s  corresponded t o  a chemical composition of t h e  f o r -  
mula C50 ~+H44.  a N I G  .4So. 1s03. 1 and s u l f u r  conten t  of  t h e  r e s idue  was less  than  
t h a t  of t h e  unext rac ted  product ,  The  chemical composition of t h e  product  co r -  
responded t o  t h e  fol lowing components, C201120N4Ct', 2 moles of TCNQ-, one mole 
of TCHQ, and 0 , l S  mole o f  CH3S04 complexed wi th  1.2 moles of  CH3N02y f o r  exam- 
p l e ,  (C2$,0N4*. 2 TCNQ:) .TGNQ -1- 0.18 CH3SO4 -+ I. 2 CH3NO2, whose c a l c u l a t e d  e1e- 
mental  a n a l y s i s  i s :  C ,  67.3; H,  3,54; N ,  23.6; S ,  0.57; 0, 4*91,  whereas t h e  ca l -  
c u l a t e d  e lementa l  a n a l y s i s  f o r  t h e  complex without  CH3hTO2 is: 
C20H2oN4 The d a t a  appear  t o  
i n d i c a t e  t h a t  one mole o f  n e u t r a l  TCNQ is introduced i n t o  t h e  complex and t h e  
4-F 
.3  TCKQ = Cs6H32N16 = C y  72.4; H, 3.4; N ,  24.2. 
cha rge - t r ans fe r  complex could have t h e  fo l lowing  s t r u c t u r e :  
such as have been observed i n  the  r e a c t i o n  02 d i -qua temized  Sch i f f  base  iod ide  
(11) wi th  4 moles of n e u t r a l  TCNQ. The e lementa l  a n a l y s i s ,  however, i s  also,  
reasonably c l o s e  t o  t h e  complex wi th  two moles of oxid ized  TCNQ and one mole 
of n e u t r a l  TCNQ of t h e  s t r u c t u r e :  
whose e lementa l  a n a l y s i s  is: 
Calc 'd:  C,  71.4; H, 3.5 ; N ,  21.6; 0, 3.5 , 
Found: C y  67.-3;-.HJ 3.54; N ,  23.6; 0, 4.91. 
A r e s o l u t i o n ,  a s  t o  which of these  f x o  s t r u c t u r e s  i s  c o r r e c t ,  has n o t  been macle. 
I n f r a r e d  spectrum (Appendix 23). 
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111. Discussion.  
A .  Synthes is  of Pyridine-Type S c h i f f  Base Monomers, 
Seven aromat ic ,  Sch i f f -base  type  monomers have been prepared and some of 
t h e i r  p ro to type  r e a c t i o n s  have been s tud ied .  
Of the  seven h e t e r o c y c l i c  Sch i f f  bases ,  s i x  were prepared by t h e  r e a c t i o n  
of t h e  appropr i a t e  carbonyl  conpwf ids wi th  s e l e c t e d  amino compounds by a con- 
t inuous  azeo t rop ic  method us ing  to luene  a s  t h e  azeo t rop ic  agent .  I n  gene ra l ,  
t h e  y i e l d s  of crude product  were less than ,  and t h e  r a t e s  of condensat ion were 
slower than ,  s i m i l a r  r e a c t i o n s  r epor t ed  f o r  t h e  s y n t h e s i s  of aromatic  carbo-  
c y c l i c  'Schiff  bases  us ing  t h e  continuous azeo t rop ic  technique.  
s is  of  aldazomethines,  a c a t a l y s t  was n o t  r equ i r ed  f o r  t h e  condensat ion;  how- 
ever, t h e  ketazomethines r equ i r ed  t h e  use  of  a Lewis  a c i d  c a t a l y s t  due t o  t h e  
I n  t h e  synthe-  
lower r e a c t i v i t y  of the  ketone moicry compared t o  t h e  aldehyde func t ion .  
Attempts t o  prepare  t hz  seventh h e t e r o c y c l i c  Sch i f f  base bj7 t h e  azeo t rop ic  
method were unsuccessfu l ;  i t  was prepared by condensing t h e  amine hydrochlor ide  
wi th  t h e  appropr i a t e  carbonyl  compound i n  a l coho l  a s  t h e  so lvent .  The d e s i r e d  
product was obta ined  a s  a p r e c i p i t a t e  upon t h e  n e u t r a l i z a t i o n  of t h e  s o l u t i o n  
wi th  aqueous sodium carbonate .  
The syntheses  of  a nuniber of o t h e r  Sch i f f  bases  o f  i n t e r e s t  i n  t h i s  pro- 
ject were not  achieved,  and t h e  reasons  f o r  t h e s e  f a i l u r e s  were sought.  
1. Prepa ra t ion  of Benzylidene-2-aminopyridine. 
Benzylidene-2-aminopyridine was prepared by t h e  condensat ion of benzalde- 
hyde wi th  2-aminopyridine through t h e  cont inuous azeo t rop ic  method. Af t e r  a 
n e a r l y  q u a n t i t a t i v e  y i e l d  of water  was c o l l e c t e d ,  t h e  so lven t  was evaporated 
t o  y i e l d  a da rk  o i l  which was d i s t i l l e d  under reduced p res su re  t o  g i v e  a l i g h t  
yellow o i l ,  bp 102"C/0.2 mm Wg, c o r r .  196"C/18 mm Hg bp 200°C/18 mm Hg) ;  
nD-=1.6498 ( l i t .  nD =1.6554). Durin.g t h e  p u r i f i c a t i o n  by d i s t i l l a t i o n  of t h e  
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product ,  a f i l m  c o n s i s t i n g  of a whi te  s o l i d ,  mp 108"C, formed on t h e  w a l l s  of  
6 2  
the distillation apparatus. The infrared spectrum of the distilled product 
had a weak absorption consisting of a shoulder at 3230 cm'l attributed to N-H, 
an absorption band at 1700 cm attributed to carbonyl and a band for C=N at 
1630 cm-'. 
and a multiplet at 8.5 to 6.9 8 which according to the integration contained 
-1 
The NMR had a one proton singlet at 9.18 ls attributed t o  -CHLI;N- - 
ten protons instead of  the expected nine. These irregularities in the spectra 
can be attributed to impurities caused by the previously reported rapid 
reaction of the benzylidene-2-aminopyridine with water: 
Benzylidene-Z,2'-dipyridylainine, one of the products of this reaction, is a 
white solid, mp 109OC. The elemental analysis also confirmed that the product 
contained about 10% impurities; and repeated attempts at-purification were un- 
successful in that the regeneration of the bis-compound continued with each 
attempt. Also it was found that a f t e r  only two days of storage under nitrogen 
in a refrigerator, the same type of  white solid, inp 109"C, had begun to pzeci- 
pitate from the light yellow oil. 
2. Preparation of 2-Pyridylcarboxyl ideneani l .  
The synthesis of 2-pyr idylcarboxyl ideneani l  was accomplished using the 
continuous azeotropic method by condensing 2-pyridinecarboxaldehyde with ani- 
line; it was a red solid, mp 36-37°C. 
3400-3100 cm 
The infrared spectrum was void in the 
-1 
region (NH); the NMR had a one proton singlet at 8.6 6, for the 
-C&H- azomethine linkage, and two multiplets; one was assigned to the four 
pyridine ring protons at 8,7-7.6 8 and the other was assigned to the fiTre 
phenylene protons at 8*4 -8*  2 6. The preparation of 2-pyridylcarboxyl ideneani l  
was previously reported by Earris and Lenart, who heated 2-pyridinecarboxal- 
dehyde with aniline at 150°C to yield a greenish oil, bp 165"C, but reported 
no melting point The infrared spectrum, NMR, and the elemental analysis 
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support  t h e  i d e n t i f i c a t i o n  of t h i s  r ed  s o l i d ,  mp 36-37"C, as 2-pyridylcarboxyl-  
i denean i l  
- 3 . The Attempted P repa ra t ion  of P_~~ridylcarboxyl idene-2-aninopyridine.  
The condensat ion of 2-pyridine carboxaldehyde and 2-aminopyridine us ing  
t h e  cont inuous azeo t rop ic  method y ie lded  n e a r l y  c o l o r l e s s  c r y s t a l s ,  mp 121- 
122OC. The i n f r a r e d  spectrum was very  s imi la l  t o  t h a t  of benzyl idene -2,2 ' -  
dipyridylamine;  based on t h i s  f a c t  and on t h e  elemental  a n a l y s i s ,  t h e  product  
was i d e n t i f i e d  a s  2-pyridylcarboxylidene-2,2'-dipyridylamine and n o t  t h e  de- 
s i r e d  product .  
In a second a t tempt  t o  prepare  t h e  d e s i r e d  compound, 2-pyridylcarboxyl-  
idene-2,2'-dipyridylamine, prepared above by t h e  azeo t rop ic  method, was hea ted  
a t  120°C i n  an e f f o r t  t o  pyrolyze i t  t o  2-pyridylcarboxylidene-2-aminopyridine. 
During t h e  p y r o l y s i s  experiment,  some whi te  s o l i d  condensed on t h e  upper w a l l s  
of t h e  tube ;  however, a t h i n  l aye r  chromtography of t h i s  condensate and of 
t h e  r e s idue  i n  t h e  r e z c t i o n  f l a s k ,  when compared wi th  t h a t  of s t a r t i n g  m a t e -  
r i a l s ,  ind ica t ed  t h a t  t h e  p y r o l y t i c  r e a c t i o n  had no t  occurred.  
A t h i r d  method was t r i e d  i n  t h e  a t tempt  t o  syn thes i ze  2-pyridylcarboxyl- 
idene-2-aminopyridine; i t  involved t h e  r e a c t i o n  of 2-aminopyridinium hydro- 
c h l o r i d e  wi th  2-pyridine carboxaldehyde i n  r e f l u x i n g  e thano l .  The product  of 
t h e  r e a c t i o n  was a dark  r e d  s o l i d ,  mp 115-116OC; r e c r y s t a l l i z e d  from benzene, 
n e a r l y  c o l o r l e s s  c r y s t a l s ,  mp 121-122°C. The i n f r a r e d  spectrum was i d e n t i c a l  
t o  t h e  i n f r a r e d  spectrum o f  2-pyridylcarboxylideiie-2,2'-dipyridylamine. 
t h e  at tempted syntheses  of 2-pyridylcarboxylidene-2-aminopyridine were not  
success fu l  due t o  t h e  s i d e  r e a c t i o n  which l eads  t o  t h e  b i s -py r idy l  d e r i v a t i v e .  
Thus, 
4 .  Prepa ra t ion  of 2-Acety lpyr id ineketan i l .  
The s y n t h e s i s  of 2-ace ty lpy r id ineke tan i l  was not  success fu l  using t h e  
cont inuous azco t rop ic  method. Thin Layer chroinatography ind ica t ed  t h a t  on ly  a 
t r a c e  of pkoduct was p re sen t  a f t e r  f o r t y - f i v e  hours  of r e a c t i o n  i n  r e f l u x i n g  
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to luene .  However, a low y i e l d  (30%) of  2 -ace ty lpy r id ineke tan i l  was r e a l i z e d  
from t h e  r e a c t i o n  of 2-ace ty lpyr id ine  wi th  an i l i n ium hydrochlor ide i n  r e f l u x i n g  
e thanol .  The i n f r a r e d  spectrum was void  of t h e  amino hydrogen peaks p re sen t  
i n  a n i l i n e  a t  3200 cm and 3350-3500 cm-l; it contained a pealc a t  3310 cm'l  
which appears  i n  t h e  i n f r a r e d  spectrum of 2-ace ty lpyr id ine  a t  3370 c m  . 
Elemental a n a l y s i s  lends support  t o  t h e  i d e n t i f i c a t i o n  of t h i s  yellow s o l i d  a s  
-1 
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5. P repa ra t ion  of  2,6-Diacetylpyridinediketanil. 
Only a v e r y  low y i e l d  (19%) of 2,6-diacetylpyridinediketanil was r e a l i z e d  
upon the condensat ion of  2 ,&-d iace ty lpy r id ine  and a n i l i n e  us ing  t h e  continuous 
azeo t rop ic  method. I n  t h e  course  of t h e  r e a c t i o n ,  no water  was c o l l e c t e d  u n t i l  
a c a t a l y t i c  amount of z i n c  c h l o r i d e  was added t o  t h e  r e a c t i o n  mixture .  Even 
i n  t h e  presence of z i n c  c h l o r i d e ,  t h e  r e a c t i o n  progressed very  s lowly and a f t e r  
f i f t y  hours  t h e  reac t lon /s topped .  The product of the r e a c t i o n  was i d e n t i f i e d  
was 
by i t s  i n f r a r e d  spectrum, NL.IR and e lementa l  a n a l y s i s  t o  be 2 , 6 - d i a c e ~ y l p y r i d i n e -  
d i k e t a n i l .  
Another method was a l s o  t r i e d  i n  an  a t tempt  t o  o b t a i n  a h ighe r  y i e l d  of 
the  d e s i r e d  product .  A mixture  f o  2 ,6 -d iace ty lpy r id ine  and an i l i n ium hydro- 
c h l o r i d e  i n  e thano l  was s t i r r e d  a t  room temperature  f o r  twenty-four hours ,  
a f t e r  which t i m e  t h e  s o l u t i o n  was n e u t r a l i z e d  wi th  sodium carbonate ;  on ly  
s t a r t i n g  m a t e r i a l s  were i s o l a t e d .  
6. The Attempted €'reparation of 2,6-Di-(&methylcarboxylidene-2- 
aminopyridine)pyridine. 
-IC___ 
During t h e  at tempted azeo t rop ic  condensat ion of 2 ,6-d iace ty ipyr id ine  v7ith 
2-aminopyridine3 only  a small amount of water  was c o l l e c t e d ,  Thin l a y e r  chro-  
matography i n d i c a t e d  t h a t ,  i n  a d d i t i o n  t o  s t a r t i n g  m a t e r i a l s ,  two r e a c t i o n  pro- 
duc t s  were p resen t  i n  oniy  very  smal l  amounts. Attempts t o  i s o l a t e  t h e s e  re- 
a c t i o n  products  by f r a c t i o n a l  c r y s t a l l i z a t i o n  f a i l e d  tci g ive  s e p a r a t i o n ;  a f t e r  
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which a chromatographic s e p a r a t i o n  was t r i e d ,  A concent ra ted  p o r t i o n  of t h e  
r e a c t i o n  s o l u t i o n  was sub jec t ed  t o  column chromatography us ing  s i l i c a  g e l  a s  
t h e  support .  The column w a s  e l u t e d  wi th  e t h y l  a c e t a t e  and t e n  m i l l i l i t e r  f r a c -  
t i o n s  were c o l l e c t e d .  The f i r s t  s ix  f r a c t i o n s  contained only  2 ,6-d iace ty l -  
py r id ine ,  t h e  next  two f r a c t i o n s  appeared t o  con ta in  only  so lven t ,  and t h e  re- 
maining f r a c t i o n s  c o l l e c t e d  cons i s t ed  of a mixture  of  t h r e e  compounds. Elox- 
eve r ,  t h e  q u a n t i t y  o f  s o l i d  c o l l e c t e d  was i n s u f f i c i e n t  t o  allow a second chro-  
ma t ogr a p h i c s e p a r a t ion .  
7. The Attempted P repa ra t ion  of  2,6--Di-(benzylideneaniino)pyridine. 
Many a t t empt s  were made t o  syn thes i ze  2,6-di-  (benzy1ideneamino)pyridine 
from benzaldehyde and 2,6-diaminopyridine by t h e  cont inuous azeo t rop ic  method. 
I n  none of  t h e  experinients was a q u a n t i t a t i v e  y i e l d  of  water  c o l l e c t e d  i n  t h e  
Dean-Stark t r a p .  C r y s t a l s  d i d  no t  form dur ing  t h e  S101.7 evapora t ion  of t h e  s o l -  
vent  from t h e  r e a c t i o n  mixture ,  bu t  i t  was found that. complete evapora t ion  of 
t h e  so lvent  y i e lded  a g i a s s y  r e s inous  r e s idue .  Howeuer, a ye f lov  powder could 
be obta ined  by t h e  a d d i t i o n  of hexane t o  t h e  r e a c t i o n  mixture .  I n  every case, 
t h e  i n f r a r e d  spectrum of t h e  product  i s o l a t e d  contained a broad peak cen te red  
a t  3380 cm'l which was a t t r i b u t e d  t o  N-H. A comparison of t h e  i n f r a r e d  spec- 
trum of t h e  product  ob ta ined  from t h e  cont inuous azeo t rop ic  method wi th  the  
i n f r a r e d  s p e c t r a  of benzylidene-2,2'-dipyridylamine and 2-pyridylcarboxyl idene-  
2,2 '-dipyridylamine suggested t h a t  t h e  s t r u c t u r e  of  t h e  product v a s  an  ana lo-  
gous form, 
Vapor phase osmometry of t h e  product d i s so lved  i n  t e t r ahydro fu ran  y i e lded  a 
molecular weight o f  1200 f o r  t h e  product .  
Many a t tempts  were made t o  prevent  t h e  formation of t h e  polymeric ina t e r i a l  
dur ing  s y n t h e s i s .  It was be l ieved  t h a t  a l a r g e  excess  of benzaldehyde i n  t h e  
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r e a c t i o n  mixture  would enhance t h e  formation of  Sch i f f  base by reducing t h e  
p r o b a b i l i t y  of  one molecule of  benzaldehyde r e a c t i n g  wi th  t h e  amino groups of 
two d i f f e r e n t  molecules.  T.herefore, t e n  mi l l imoles  o f  2,B-diaminopyridine were 
reac t ed  i n  25 ml of benzaldehyde. Seventeen nil of benzaldehyde were removed by 
d i s t i l l a t i o n  a t  50°C and 0.5 nxn Hg t o  y i e l d  a s l i g h t l y  v iscous  s o l u t i o n  which 
hardened upon cool ing .  P r e c i p i t a t i o n  of  a p o r t i o n  of t h i s  sol-ut ion wi th  hexane 
y ie lded  a rubbery polymeric s o l i d .  
t i c a l  t o  t h e  product ob ta ined  from t h e  cont inuous azeo t rop ic  method. 
The i n f r a r e d  spectrum of  t h e  s o l i d  was iden-  
It was specula ted  t h a t  t h e  formation of t h e  polymeric m a t e r i a l  might be 
prevented by t h e  use  of  dibenzyl ideneazine o r  by benzaldehyde d i e t h y l  a c e t a l  i n  
p l a c e  of  benzaldehyde. Accordingly,  dibenzyl. ideneazine was hea ted  wi th  2,B- 
diaminopyridine under a s low s t ream of n i t r o g e n  pass ing  over  t h e  melt s o l u t i o n .  
Thin l a y e r  chromatography ind ica t ed  t h a t  t h e  r e a c t i o n  y ie lded  a complex mixture  
of r e a c t i o n  products  most of  which appeared t o  be polymeric. The mixtiire was 
column chromatographed; however el.uti.irn wi th  e t h y l  acelzate f a i l e d  t o  achieve 
sepa ra t ion .  
A l t e r n a t e l y ,  benzaldehyde d i e t h y l  a c e t a l  was r eac t ed  wi th  2,6-diamino- 
pyr id ine .  However, t h i n  l a y e r  chromatography i n d i c a t e d  t h a t  polymeric m a t e r i a l  
had formed and t h a t  on ly  a t r a c e  of non-polymeric product may have formed. 
I s o l a t i o n  of  t h e  non-polymeric product was no t  a t tempted.  
8. The Attempted P repa ra t ion  - of 2 ,  G-Di~~--methylbenzylideneamino) _II -
E y r i d i n e ,  
The condensat ion of 2,6-diaminopyridine w i t h  acetophenone i n  t h e  presence 
o f  f:Cl a s  t h e  c a t a l y s t  was at tempted using t h e  cont inuous azeo t rop ic  method. 
A t r a c e  amount of water v7as c o l l e c t e d  during t h e  extended r e f l u x  t i m e  of  ~ V J O  
hundred t h i r t y - s i x  hours .  Thin l a y e r  chromatography ind ica t ed  t h a t  two r e a c t i o n  
products  had formed i n  smal l  q u a n t i t i e s .  C r y s t a l l i z a t i o n  d id  not  occur  dur ing  
t h e  slow evapora t ion  of the s o l v e n t ,  r a t h e r ,  a dark  brown o i l  was obta ined .  
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The o i l  was subjec ted  t o  paper chromatography and e l u t e d  wi th  e t h y l  a c e t a t e .  
An at tempt  was made t o  c u t  a narrow s t r i p  thought t o  con ta in  only  one compound. 
Ex t rac t ion  o f  t h e  s t r i p  ~n7ith hot  methyl a l coho l  y i e lded  a few mi l l ig rams of a 
yel lowish s o l i d  which t h i n  l a y e r  chromatography ind ica t ed  contained t h r e e  com- 
pounds. No f u r t h e r  a t t empt s  a t  i s o l a t i o n  were undertaken,  
9.  The Attempted P repa ra t ion  of d, CX ' -Dimethyl-p-xylyl.j~dcnecli- 
2-aminopyridine 
During t h e  at tempted azeo t rop ic  condensat ion of l ,&-diace ty lbenzene  and 
2-aminopyridine no water  was c o l l e c t e d  i n  t h e  Dean-Stark t r a p .  However, t h i n  
l a y e r  chromatography i n d i c a t e d  t h a t  two r e a c t i o n  products  had formed i n  smal l  
q u a n t i t i e s ,  
t h r e e  c r y s t a l l i n e  f r a c t i o n s  con ta in ing  only  1 ,4-d iace ty lbenzene  and 2-amino- 
pyr id ine .  The remaining s o l u t i o n  was sub jec t ed  t o  paper  chromatography and 
e l u t e d  w i t h  e t h y l  a c e t a t e .  An at tempt  was made t o  c u t  a narrow s c r i p  thought 
t o  con ta in  only  one compound. 
y i e lded  a few mi l l ig rams of a so?Fd which t h i n  l aye r  chromatography ind ica t ed  
F r a c t i o n a l  c r y s t a l l i z a t i o n  by t h e  slow removal of so lven t  y i e lded  
Ex t rac t ion  o f  t h e  s t r i p  wi'ch methyi a l coho l  
was a mixture .  No f u r t h e r  a t tempt  ~ 7 a s  made t o  i s o l a t e  t h e  products  of t h e  
r e a c t  ion.  
10. The Attempted Synthes is  of 3,G-Di-(benzylidenear,lino) -10- 
P m e 3 l a c r i d i n i u m  Chloride.  
It was n o t  p o s s i b l e  t o  syn thes i ze  3,6-di-(benzylideneamino)-lO-methylac- 
r id in ium c h l o r i d e .  An a t tempt  was made t o  prepare  t h i s  compound from a c r i -  
f l a v i n e  and benzaldehyde us ing  t h e  cont inuous azeo t rop ic  method, however, a c r i -  
f l a v i n e  was n o t  sol-uble i n  to luene  and only  ve ry  s l i g h t l y  so lub le  i n  to luene  
con ta in ing  benzaldehyde. Accordingly,  a c r i f l a v i n e  was condensed wi th  a l a r g e  
excess of benzaldehyde which a l s o  ac t ed  as t h e  so lven t  f o r  t h e  r e a c t i o n  m i x -  
t u r e .  
( N H ) >  a weak band a t  1700 cm ( C A I ) ,  and bands a t  700 and 750 tin"' which were 
a t t r i b u t e d  t o  f i v e  ad jacent  aromatic  hydrogens. The e lementa l  a n a l y s i s  of  t h e  
T h e . i n f r a r e d  spectrum of  t h e  product  contained a broad peak a t  3380 cm-' 
-1 
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product showed t h a t  much less n i t rogen  and c h l o r i n e  were p resen t  t han  expected 
f o r  e i t h e r  t h e  mono- o r  t h e  d e s i r e d  b i s -Sch i f f  base.  It appears  t h a t  HC1 was 
e l imina ted  dur ing  t h e  react . ion,  however, i t  was no t  p o s s i b l e  t o  determine c l e a r l y  
t h e  s t r u c t u r e  of t h e  f i n a l  product.  A s i m i l a r  behavior  was experienced i n  t h e  
a t tempts  t o  r e a c t  phenosafranine wi th  benzaldehyde. 
11. The AttemDted PreDarat ion of 2.8-Di-fbenzvlFneneamino~ -10- 
phenylphenazine Chloride.  
The at tempted p repa ra t ion  of 2,8-di-(benzylideneamino)-lO-phenylphenazine 
c h l o r i d e  was no t  s u c c e s s f u l  and p a r a l l e l e d  t h a t  experienced i n  t h e  p repa ra t ion  
of  t h c  a c r i f l a v i n e  d e r i v a t i v e .  The r e a c t i o n  of phenosafranine wi th  benzaldehyde 
us ing  benzaldehyde as  t h e  so lven t  produced a pu rp le  r e s idue ,  The i n f r a r e d  spec- 
trum of  t h i s  product  conta ined  bands a t t r i b u t e d  t o  t h e  presence o f  N-H, and 
peaks a t  700 and 760 c m  which were a t t r i b u t e d  t o  f i v e  ad jacent  aromatic  hy- 
drogens. The e lementa l  a n a l y s i s  of t h e  product showed t h a t  niuch less n i t rogen  
and c h l o r i n e  were present.  than  t h e  t h e o r e t i c a l  amouiit calculat:.eci f o r  e i t h e r  the 
mono-. o r  t h e  d e s i r e d  b i s -Sch i f f  base.  It appears  t h a t  Kl w2s e l imina ted  from 
t h e  molecule dur ing  t h e  r e a c t i o n ,  however, i t  was not  p o s s i b l e  t o  determine 
c l e a r l y  t h e  s t r u c t u r e  of t h e  f i n a l  product .  
-1 
It has  been s t a t e d  i n  t h e  l i t e r a t u r e  t h a t  i f  one amino group of  pheno- 
s a f r a n i n e  is  a t t acked ,  t h e  o t h e r  ceases  t o  exercise t h e  func t ion  of an amino 
group. This  conclus ion  was based on t h e  fol lowing observa t ions :  (1) it was 
found t o  be  impossible  t o  d i a z o t i z e  both amino groups i n  s o l u t i o n  o f  a c i d  of 
medium concen t r a t ion ,  (2) phenosafranine r e a c t s  wi th  only  one mole of benzal-  
dehyde i n  water  s o l u t i o n ;  t h e  procedure r epor t ed  i n  t h e  l i t e r a t u r e  f c r  t h e  re- 
a c t i o n  was repea ted  and it y ie lded  only  s t a r t i n g  m a t e r i a l ,  and (3) t e t ramethyl -  
phenosafranine combines wi th  only one mole of methyl iod ide .  
Phenosafranine i s  s o l d  a s  t h e  diamine, I11 ( see  equat ions  bel0.i.l). It i s  
synthes ized  by t h e  a d d i t i o n  of  potassium dichromate t o  a co ld  s o l u t i o n  of p- 
phenylenediamine and a n i l i n e ,  a s  i l l u s t r a t e d  i n  t h e  fol lowing equat ions :  
H 2 N 0 N H 2  ------+ EO1 HN- 'gHgNH2 ""v2 [ O ]  
k 
H2NwH 
It appears  t h a t  phenosafranine can ex is t  i n  t h e  tau tomer ic  forms I1 and 
111. However, i f  1x1 were t h e  predominant form, r e a c t i o n  wi th  two moles of 
benzaldehyde should y i e l d  t h e  b i s -Sch i f f  base;  i f  IT were t h e  predominant form, 
only  t h e  mono-Schiff base  should be obta ined ,  s i n c e  t h e  imine, C=HK, cannot 
react t o  form t h e  Sch i f f  base ,  In an a t tempt  t o  show t h a t  X I  i s  t h e  favored 
form, phenosafranine was r e f luxed  wi th  aqueous sodium hydroxide,  f o r  it was be-  
l i e v e d  t h a t  e l imina t ion  of  HC1 would occur  t o  y i e l d  I. The e lementa l  a n a l y s i s  
o f  t h e  f i n a l  product ,  tilien compared t o  I, ind ica t ed  t h a t  t h e r e  was no c h l o r i n e  
p re sen t  i n  t h e  molecule;  however, i t  showed t h a t  much less n i t r o g e n  was p re -  
s e n t ,  and t h a t  t h e r e  was a cons iderable  amount of  oxygen i n  t h e  product .  ThFs 
was taken t o  i n d i c a t e  t h a t  I had formed and then was hydrolyzed, t hus :  
qhI3 HoH H 2  
-1 
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The i n f r a r e d  spectrum o f  t h e  product  conta ined  bands a t  3320 and 3260 
cm'l a t t r i b u t e d  t o  N-H, and a medium i n t e n s i t y  shoulder  a t  1650 cm which i s  
probably due t o  t h e  0 moiety,  phenosafranol ,  , which would be 
H 
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t h e  next  s t a g e  of t h e  p rev ious ly  mentioned hydro lys i s  oE phenosafranine wi th  
aqueous NaOH, i s  r epor t ed  a s  being prepared by b o i l i n g  phenosafranine wi th  a l -  
coho l i c  KOH f o r  some days. 
It would appear t o  be l o g i c a l  t o  coilclude t h a t  dur ing  t h e  condensat ion of 
phenosafranine wi th  benzaldehyde, no t  on ly  had t h e  rnono-Schiff base 
decomposltion products  which had a l s o  l o s t  some a d d i t i o n a l  amino n i t rogen .  By 
ana logy ' then ,  i t  is be l i eved  t h a t  a c r i f l a v i n e  which has  t h e  formula 
underwent a s i m i l a r  decomposition during t h e  r e a c t  ion  
H2  m l H * H C l  
CHI1 
w i t h  benzaldehyde t o  y i e l d  O C H S  
B. Conclusions - on -___I_ A l p g l i c a b i z y  of ProtLcy&?eactions t o  P o l p e r  
g n t h e s e s  e 
Based on t h e  r e s u l t s  o f  t he  s y n t h e s i s  o f  t h e  p ro to types ,  i t  was concluded 
t h a t  t h e  condensat ion of  2,6-dianiinopyridine wi th  a r y l  ca rbocyc l i c  d ia ldehydes ,  
such a s  terephthaldehyde,  and wi th  h e t e r o c y c l i c  dialdehydes such a s  2 ,6-pyri-  
d i n e  dicarboxaldehyde, w i l l  n o t  y i e l d  polyazomethines having C=N l inkages .  It 
would appear t h a t  t h e s e  r e a c t i o n s  probably would y i e l d  in s t ead ,  c ros s - l i nked ,  
three-dimensional  polymers conta in ing  -HN-CH-NH- l inkages  i n  s t r u c t u r e s  resem- 
b l i n g  t h a t  of  t h e  l i n e a r  polymeric product  ob ta ined  from 2,6-diaminopyridine 
and benzaldehyde, 
I n  c o n t r a s t ,  i t  appears  t h a t  ca rbocyc l i c  a r y l  dilcetones will yi.eld poly-  
k e t a n i l s  w i th  2,6-diaminopyridine0 For example, t h e  formation of  
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from p-diacetylbenzene and 2,6-diaminopyridine appears  t o  b e  f e a s i b l e ,  bu t  t h e  
condensation would be a v e r y  slow process  even i n  t h e  presence  of a c a t a l y s t ,  
It would appear t h a t  t h e  p r e p a r a t i o n  o f  
slower e 
The s u c c e s s f u l  r e a c t i o n s  of  a n i l i n e  wi th  2-pyr id ine  carboxaldehyde and 
2 -ace ty lpy r id ine  l e d  t o  t h e  specu la t ion  t h a t  t h e  polymers based on p-phenyl- 
enediamine w i t h  2 ,5-pyr id ine  dicarboxaldehyde o r  2 ,6 -d iace ty lpy r id ine ,  f o r  
cand ida te s  f o r  f u t u r e  polymer s t u d i e s .  
I n  s p i t e  of t h e  f a c t  t h a t  some of t h e  con t inuom azeo t rop ic  experiments 
f a i l e d  t o  y i e l d  i s o l a b l e  q u a n t i t i e s  of  product ,  i t  s t i l l  may be p o s s i b l e  t o  
syn thes i ze  t h e  polymers which are  s t r u c t u r a l l y  r e l a t e d  t o  t h e s e  systems by 
o t h e r  methods, such as  by (a )  m e l t  condensations a t  h ighe r  tempera tures ,  o r  
(b) b y  a modified S c h i f f  base  exchamge method. 
C. Quarern iza t ion  of  !fie Nodel Co2ouiids e 
Four model Sch i f f  base  compomds con ta in ing  aroin2tj.c n i t r o g e n  h e t e r o -  
I__-- ---
c y c l i c  r i n g s  were sub jec t ed  t o  q u a t e r n i z a t i o n  t o  determine t h e  f e a s i b i l i t y  
o f  performing t h e  same r e a c t i o n  on polyazomnthines which would have r e p e a t i n g  
u n i t s  of corresponding s t r u c t u r e s .  
It h a s  been r e p o r t e d  i n  t h e  l i t e r a t u r e  t h a t  t h e  r e a c t i o n s  o f  2-, 3 - ,  and 
4-aminopyridine r e s p e c t i v e l y  wi th  methyl i o d i d e  and benzy lha l ides  y i e l d  pre-  
dominantly t h e  qua te rna ry  pyridinium s a l t s  r a t h e r  t han  t h e  alkylaminopyrFdines. 
These resut_.ts were expla ined  by t h e  prefcrczicc of  t h e s e  a m i x p y r i d i n c s  t o  e x i s t  
mainly i n  t h e  amine r a t h e r  t han  t h e  imine form and by t h e  g r e a t e r  b a s i c i t y  of 
t h e  nuc lea r  n i t r o g e n  atom. Eased on t h e s e  r e s u l t s ,  it was be l i eved  t h a t  t h e  
aromatic h e t e r o c y c l i c  r i n g  n i t r o g e n  ~ o u l d  be much more b a s i c  than  the azomethine 
l i nkage  and, t h e r e f o r e ,  would be t h e  s i t e  at: -r?hFch q u a t e r n i z a t i o n  -c.;ould occur ,  
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The q u a t e r n i z a t i o n  r e a c t i o n s  of t h e  pyr id ine- type  Sch i f f  bases  were 
c a r r i e d  out  i n  a v a r i e t y  o f  so lven t s  us ing  methyl i od ide  and dimethyl s u l f a t e  
a s  t-he model q u a t e r n i z a t i o n  agents ,  
compounds f a i l e d  t o  occur  i n  non-polar s o l v e n t s  such as benzene o r  d i - e t h y l  
e t h e r ,  bu t  d i d  occur i n  p o l a r  so lven t s  such as N,N-dimethylacetamide o r  n i t r o -  
methane. These r e s u l t s  confirm t h e  f ind ings  r epor t ed  i n  t h e  l i t e r a t u r e  t h a t  
It was found t h a t  q u a t e r n l z a t i o n  of t h e s e  
p o l a r  s o l v e n t s  speed up t h e  qua te rn iza t ion  r e a c t i o n  o f  pyr id ines .  The qua te r -  
n i z a t i o n  of  t h e  model compounds by dimethyl s u l f a t e  was more f a c i l e  and pro-  
duced b e t t e r  y i e l d s  than  q u a t e r n i z a t i o n s  wi th  methyl i od ide ,  
The qua ternary  sa l t s ,  u s u a l l y  brown o r  b lack  i n  c o l o r ,  were. v e r y  hygro- 
scopic ,  and r e t a i n e d  so lven t  t enac ious ly .  
Of t h e  r e a c t i o n s  at tempted,  on ly  t h e  r e a c t i o n  of  2-pyridylcarboxyl idene-  
a n i l i n e  wi th  methyl i od ide  was success fu l  when dimethylacetanide was used as 
the  so lvent ,  I n  all o t h e r  cx~erLments i n  which DYAC 8 2 s  employed as t h e  s o l -  
v e n t ,  only decomposition products  were i s o l a t e d  o These observa t ions  l ed  t o  
t h e  b e l i e f  t h a t  the dimethylacetarnidc p a r t i c i p a t e d  i n  t h e  decompos i t i o n  r a c -  
t i o n s ,  because,  when t h e  q u a t e r n i z a t i o n  r e a c t i o n s  were performed under s i m i l a r  
condi t ions  in '  n i t romethane , they  were success fu l  
I__. 1 . Qua h e r  n i z a t ion  o f p -Xy 1 y 1 iclene - d i - 2 - a n i i  ci ine  w i t h 
Me thy1 Io$=, 
The r e a c t i o n  02 p-xylylidene-di-2-aminopyridine with  methyl i od ide  i n  DPIAC 
d id  not  produce t h e  d e s i r e d  product.  The e lementa l  a n a l y s i s  of t h e  product 
isol-ated from t h e  r e a c t i o n  corresponded to a. compound of molecular  formula 
C6€Ig1ii2L. 
a t  3300 c m - l  and 3140 cm-l which were a t t r i b u t e d  t o  f r e e  NI12. 
t h e  reg ion  of 2700 t o  2300 cm 
The i n f r a r e d  spgctrurn of t h e  i s o l a t e d  p r o d u c t  contained peaks centered  
It was void  i n  
Based on 
-1 -i- 
which i s  t h e  reg ion  of  N€Iz s t r e t c h .  
its e lcmenta l  a n a l y s i s  and i n f r a r e d  spectrum, t h e  product was i d e n t i f i e d  a s  
2 -amino - 1 -me t h y  1 p y r i d  i n  ium iod ide  e S inc  e p -X y 1. y 1 i d Eil e - d i - 2 -am in0 p j. r i d  i.n e i s  
s t a b l e  i n  DPAC a t  t h e  temperatures  used i n  the  q u a t e r n i z a t i o n  r e a c t i o n ,  t h e  
product ob ta ined  would indicaCe t h a t  q u a t e r n i z a t i o n  had occurred f i r s t  and 
t h a t  t h e  decoxpos i t ion  of the quaternary  s a l t  was inf luenced  by t h e  DMAC. A 
p c s s i b l e  exp lana t ion  of  t h e s e  r e s u l t s  t70Uld be t h a t  mzthyl i od ide  added t o  t h e  
r i n g  n i t rogen ,  and then  t h i s  p o s i t i v e  qua tern ized  n i t rogen  could withdraw 
e l e c t r o n s  from t h e  azomethine l inkage  renderiiig i t  more s u s c e p t i b l e  t o  sub -  
sequent decomposition, 
I n  c o n t r a s t ,  t h e  r e a c t i o n  iii ni t romethane of p-xylylidene-di-2-amino- 
pyr id ine  wi th  two inoles of methyl iod ide  produced t h e  d iqua te rna ry  s a l t .  The 
e lementa l  ana lys i s  of t h e  product i n d i c a t e d  t h a t  nitrornzthsne had been com- 
plexed with  t h e  d iqua te rna ry  s a l t ,  
The r e a c t i o n  i n  nitreiiiethane of  p-xylylidene-di-Z-arinGpyridin~ with  four  
moles of inethyl iod ide  (two moles excess)  a l s o  produced t h e  d iqua ternary  sa l e .  
The i n f r a r e d  spectrim of the p r o d ~ c i - .  i s o l a t e d  from t h F s  experirne!r?t was i d e n t i c a l  
t o  t h e  i n f r a r e d  spcctrurn of t h e  pzoduc,% iscls ted froin iJie xeac t ion  of the bis -  
SchifE base  w i t h  two moles of  iiilettiyl iodj-6c i.n ni t romethane;  i t s  e lementa l  
* 
a n a l y s i s  i nd ica t ed  a l s o  t h a t  t h e  d iqua ternary .  s a l t  had r e t a i n e d  ni t romethane 
The experimental  d a t a  i n d i c a t e  thkt one mole of dimethyl. s u l f a t e  was 
e i f e c t  i ve  i n  qua te rn iz ing  p-xylyl~.dene-di-Z-arninppyridine vhen t h e  reactYon 
was performed i n  rn-cresol, and t h a t  both CH3 grosps  i n  the  dimethyl s u l f a t e  
had been u t - i l i zed  i n  t h e  r eac t ion .  I n  t h i s  ca se ,  t h e  counter  ion  f o r  t h e  two 
pyridinium groups was ilhe d i v a l e n t  s d r ' a t e  ion, SO;:. 
of t h e  product  i s o l a t e d  from t h i s  r e a c t i o n  ind ica t ed  t h a t  t h e  qua ternary  salt 
r e t a i n e d  approximately fou r  moles of m-cresol. e 
I 
 he elmental a n a l y s i s  
The q u i t e r n i z a t i o n  of p-xylyli .dcne-di-2-aminoFyridine wi th  two moles of 
dimethyl s u l f a t e  ' iws very  f a c i l e  kn nitromethane. I n  t h i s  ca se  th.e courater ion 
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f o r  each pyridinium group was t h e  methyl a c i d  s u l f a t e  ion ,  CH3SO4. The e le -  
mental  a n a l y s i s  of t h e . p r o d u c t  i nd ica t ed  t h a t  t h e  d iqua te rna ry  s a l t  r e t a i n e d  
approximately one mole of ni t romethane.  
3.  Quatern iza t ion  of 2 , 6 - D i a c e t y l ~ r i d i i z e d i k e t a n i l .  
The r e a c t i o n  of  2,G-diacetylpyridinediketanil with  methyl i o d i d e  i n  DMhC 
---- --.---- 
d i d  not  produce t h e  d e s i r e d  d iqua te rna ry  s a l t .  The elemental  a n a l y s i s  of t h e  
product i s o l a t e d  f r o n  t h i s  r e a c t i o n  ind ica t ed  t h e  presence of n e a r l y  twice a s  
much iod ine  and cons iderably  less carbon than  r equ i r ed  f o r  t h e  qua ternary  s a l t .  
It was obvious t h a t  t h e  d e s i r e d  coinpound had no t  been obta ined  when t h e  reac- 
t i o n  was at tempted i n  D M C .  However, t h e  qua ternary  s a l t s  of 2 ,G-diacetyl-  
pyr id i .nedike tan i1  were prepared i n  nitromethane by r e a c t  ion  wi th  methyl i od ide  
and dimethyl s u l f a t e  r e s p e c t i v e l y o  The r e a c t i o n  was much more f a c i l e  when d i -  
methyl s u l f a t e  was used a s  t h e  q u a t e r n i z a t i o n  agent .  The e lementa l  a n a l y s i s  
of  both qua ternary  s a l t s  i izdicated t h a t  t'nej? had retainex cornple2:cd n i t r o -  
methane. 
- 4 .  Quaterni.zation o f  N,W' - D i -  ~ ~ ~ ~ c ~ y l c a r b o x y l i d e i t e ~  
p-phenyley&iarnine 
The r e a c t i o n  of N,N1-di-(2-pyridylcarboxyl idene)-p-phenylenediainin~ wi th  
methyl i od ide  was performed i n  nitromethane. A f t e r  two and one-half  hours  a t  
50"C,  t h e  r e a c t i o n  was te rmina ted  and t h e  product i s o l a t e d .  The e lementa l  
a n a l y s i s  i n d i c a t e d  t h a t  t h e  q u a t e r n i z a t i o n  r e a c t i o n  was incomplete.  The ex- 
periment was repea ted  and t h e  r e a c t i o n  t i m e  was inc reased  t o  twenty-four hours  
be fo re  i s o l a t i n g  t h e  product ,  The da ta  obta ined  on t h e  product i nd ica t ed  t h a t  
t h e  qua te rn iza t ion  v7as success fu l  ; i t s  clelnental  a n a l y s i s  a l s o  showed t h a t  
t h i s  s a l t  r e t a i n e d  so lven t .  
The r e a c t i o n  of  N,R '  - d i -  ( 2 - y y r l d y l c a r b o ~ ~ y l i d e i ~ e ~ ~ p - p h e n y l e n e d i a m i n ~  wi th  
dimethyl s u l f a t e  i n  ni t romethane was a l s o  perforrned and the da ta  ind ica t ed  thp t  
t h i s  d iqua te rna ry  s a l t  formed much more r e a d i l y  than t h e  corrcsponding iod ide  e 
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As a p o s s i b l e  r o u t e  t o  poly-Schiff  bases  con ta in ing  a qua te rna ry  i o n i c  
s i t e ,  t h e  carbonyl  component con ta in ing  an arometic,  n i t r o g e n  h e t e r o c y c l i c  r i n g  
could be  qua te rn ized  be fo re  t h e  polycondensation wi th  t h e  diamino component. 
For t h i s  reason  an a t tempt  was made t o  qua ter i i ize  2 ,6 -d iace ty lpy r id ine .  
The A t t e z - w  QuaCernization of 2 , 6 - D i n c e t y l u r i d i n e .  
The r e s u l t s  ob ta ined  i n d i c a t e d  t h a t  methyl i o d i 6 e  d i d  not. r e a c t  wi th  2,5- 
d i a c e t y l p y r i d i n e  i n  nitromethane. A f t e r  f o r t y - f i v e  hours  a t  50°C, t h e  c o l o r  
of t h e  r e a c t i o n  s o l u t i o n  had notl changed, and t h i n  l a y e r  chromatography i n d i -  
c a t e d  t h a t  no r e a c t i o n  had. occur red ,  Eowever, when t h e  r e a c t i o n  was performed 
i n  DXiIC., it appeared t h a t  methyl i od ide  d i d  add t o  t h e  2 ,6 -d iace ty lpy r id ine .  
The e lementa l  a n a l y s i s  of t h e  product i s o l a t e d  from t h e  r e a c t i o n  i n  DWiC i n d i -  
ca t ed  t h a t  i t  conta ined  more iod ine  2nd l e s s  oxygen than  r equ i r ed  f o r  l-methyl- 
2 , 6 - d i a c e t y l p y r i d i n i ~ - ~  iod ide .  Some prelimtnary e f f o r t s  t o  determine the 
s t r u c t u r e  of t h i s  product were n o t  successful 
I n  an  e f f o r t  t o  o b t a i n  t h e  qu.aterr , lzed d e r i v a t i v e ,  dimethyl s u l f a t e  was 
r eac t ed  wi th  2 ,6- -d iace ty lpyr id ine  i n  nitroinethaiie, and a product  was obta ined .  
However, t h e  e lementa l  a n a l y s i s  of  t h i s  product showed t h a t  it conta ined  more 
n i t r o g e n ,  oxygen and s u l f u r ,  but less carbon than  r equ i r ed  f o r  l-methyl-2,6- 
d i a c e t y l p y r i d i n i u n  methyl s u l f a t e .  P re l imina ry  e f f o r t s  t o  determine t h e  
s t r u c t u r e  o f  t h i s  product were no t  success fu l .  
D- -Xy 1y 1. i d ene - d i - 2 - a i m r  i d i n e  ~1,7 i t h T e t r a  c y ano e 3  1 en e . 
The e x  p e r i.me ii t a I d a t a s h owe d t h a t p --x y1 y 1 i d  ene - c! i - 2 -amino p y r  i d  i ne c an 
fo-m c h a r g e - t r a n s f e r  complexes wi th  Oi-tE: two a.ncl f o u r  moles of t e t r acyano-  
e thy lene ,  
were i s o l a t e d  e i t h e r  by evapora t ion  of t h e  so lven t  GP by t h e  a d d i t i o n  of benzene 
t o  p r e c i p i t z t e  t he  product ,  In t h e  l a t t e r  method, t h e  y i e l d s  r epor t ed  rezer only  
t o  the product o'otaj.ned dilrcct.ly from t h e  p r e c i p i t a t i o n ;  t h e  r e a a i n i n g  uiiprecl-  
The complexation r e a c t  i ons  were perfornied i n  DYAC, and t h e  products  
p i t a t e d  pfoduct was recovered, hov7eve-r, by evapora t inz  t h e  r e s u l t i n g  so lv . t ion ,  
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The i n f r a r e d  s p e c t r a  of  t h e  complexes conta in ing  one, two and fou r  moles of  
te t racyanoethylene  were s u b s t a n t i a l l y  i d e n t i c a l ;  each contained i; sha rp  band a t  
2200 cm-l ( C d ? ) ,  and t h e  p x o f i l e  of the  s p e c t r a  i n  t h e  reg ion  between 1540 t o  
800 cm appeared a s  one broad absorp t ion .  The e lementa l  ana lyses  of  t h e  prod- 
u c t s  i s o l a t e d  i n  every experircient showed t h e  presence of  oxygen which would 
appear t o  be a t t r i b u t a b l e  t o  DPUC r e t a i n e d  i n  t h e  complex. However, t h e  1:4 
complex of  p-xylylidene-di-2-aminopyridine and TCNE appears  t o  con ta in  oxygen 
-1 
of r e a c t i o n  wi th  a i r ,  i n  vh ich  c a s e ,  i t  should give an ESR spectrum f o r  t h e  
oxygen r a d i c a l s .  An a c t u a l  measurement showed a low s i g n a l  response which 
would seem t o  i n d i c a t e  t h a t  t h e  oxygen i s  present  i n  t h e  form of complexed 
D W C  . 
The spec t roscop ic  evidence d e f i n i t e l y  e s t a b l i s h e d  t h a t  a 1:l cha rge - t r ans fe r  
complex is  d e f i n i t e l y  formed between each py r id ine  r i n g  wi th  one mole of TCNE 
and t h a t  t h e  complex i s  very  s table ,  
E. React ion of p-Xylylidene-2-aminopyridine (I) wi th  - T a .  -
The experimental  da t a  showed t h a t  (I) forms a complex r e a d i l y  wi th  TCNQ 
and t h a t  t h e  sale product  i s  obta ined  when t h e  r a t i o s  a re  I:2TCNQ and I:lcTCNQ, 
and t h a t  t h e  complex form con ta ins  oxygen f o r  one CN group d i sp laced  from each 
TCNQ complexed wi th  each py r id ine  r i n g .  Th i s  r e s u l t  5.33s s u r p r i s i n g  and was 
considered s i g n i f i c a n t  enough t o  record  i t s  ESR spectrum. The spectrum was 
sharp  and ind ica t ed  a ve ry  h igh  concen t r a t ion  of f r e e  e l e c t r o n s ,  
scopic  evidence confirmed t h e  formation of the  complex; i n  a d d i t i o n ,  t h e  VI- 
v i s i b l e  spectrum ind ica t ed  t h e  presence of a t  l ea s t  four  e x c i t e d  s t a t e s .  
The spec t ro -  
F. React ion of Quaternized Sch i f f  Bases wi th  *___. TCNE. 
The experimental  da t a  show t h a t  t h e  methyl i od ide  qua tern ized  Sch i f f  bases 
a l s o  form complexes wi th  2.TCNE, and t h a t  t h e  iod ide  ion  i s  p a r t i a l l y  d i sp l aced  
and oxidized t o  iod ine .  
I n  the .p re sence  o f  excess  TCNE, i od ide  displacement i s  increased  i n  (11) 
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bu t  i s  not  complete. 
G.  Reac t ion  of Quaternized Sch i f f  Base (11) wi th  TCNQ. 
The d a t a  show t h a t  (11) forms complexes wi th  TCNQ ve ry  r e a d i l y  and t h a t  
i od ine  ion  i s  a l s o  almost completely d i sp laced  a t  t h e  r a t i o  of 11.2TCNQ and 
completely a t  I I .4TCNQ,  i n  which case a complex of II.3TCNQ was i s o l a t e d ,  
which conta ined  no iod ine .  The i n f r a r e d  spectrum ind ica t ed  two k inds  of CN 
groups i n  t h e  complex, namely, coord ina ted  CN groups and uncoordinated CN 
groups i n  t h e  TCNQ: anion r a d i c a l .  It i s  expected t h a t  t h i s  complex w i l l  ex- 
h i b i t  s t r o n g  ESR s i g n a l s .  
4- H, React ion  of  I1 and L i  (TCNQ‘). 
Under t h e  cond i t ions  used, r e a c t i o n  f a i l e d  t o  occur  and t h e  d e s i r e d  com- 
pound was n o t  ob ta ined ,  even when excess  n e u t r a l  TCNQ was used a long  wi th  t h e  
Li’-(TCNQY) a 
was eva lua ted ,  
For t h i s  reason ,  t h e  methyl s u l f a t e  qua tern ized  Sch i f f  base ,  ( I V ) ,  
I. React i zn  of IvJzith L~+(TCNQ-)   
The d a t a  shows t h a t  r e a c t i o n  between t h e  methyl s u l f a t e  qua tern ized  Sch i f f  
base (Iv) and Li+(TchrQ:) occurred r e a d i l y ;  however, a d e r i v a t e  c o m p ~ e t e l y  f r e e  
of s u l f u r  t ias not  i s o l a t e d ,  The i s o l a t e d  product conta ined  oxygen which could 
reasonably be due t o  a mole of r e t a i n e d  CH3NO2 a l though i t s  a n a l y s i s  f o r  oxygen 
i s  a l s o  reasonably c l o s e  t o  a s t r u c t u r e  i n  which one CN group has  been e l i m i n -  
a t e d  from each of  t h e  two TCNQ molecules and rep laced  by oxygen, It i s  ex- 
pected t h a t  t h i s  compound will e x h i b i t  s t r o n g  ESR s i g n a l s .  
4- When I V  was r eac t ed  wi th  2Li (TCEQ?) and two imles of n e u t r a l  TCNQ, the 
da t a  i n d i c a t e  t h a t  t h e  3 moles of  TCNQ r eac t ed  t o  g ive  a complex con ta in ing  
two r a d i c a l  an ions ,  TCNQ: and one n e u t r a l  TCNQ s i m i l a r  t o  t h e  product ob ta ined  
by r e a c t i n g  t h e  methyl i od ide  qua tern ized  Sch i f f  base.  I ts  a n a l y s i s  would 
i n d i c a t e  t h a t  one mole of  CX3NO2 i s  a l s o  complexed wi th  t h e  product:;  hovever,  
t h e  oxygen a n a l y s i s  i s  reasonably c l o s e  t o  t h e  complex i n  which one CN group 
of two TCNQ molecules have been d i sp laced  by oxygen. 
It is  expected t h a t  t h i s  compound w i l l  a l s o  e x h i b i t  s t r o n g  ESR s i g n a l s .  
J. Conclusions on A p p l i c a b i l i t y  of  t h e  React ions of  t h e  
Model - Compounds t o  t h e  Polymers - - I-__y_- 
Based on t h e  r e s u l t s  of t h e  q u a t e r n i z a t i o n  r e a c t i o n s  of t h e  model Sch i f f  
base compounds, it may be concluded t h a t  t h e  q u a t e r n i z a t i o n  of t h e  n i t r o g e n  of 
t h e  aromatic  h e t e r o c y c l i c  r i n g s  i n  t h e  corresponding poly-Schiff  bases  i s  a 
f e a s i b l e  r e a c t i o n  by proper  choice of  so lven t  and a l k y l a t i n g  agent .  
It may a l s o  be concluded t h a t  t h e  poly-Schiff  bases  which have r epea t ing  
u n i t s  s i m i l a r  t o  t h e  s t r u c t u r e  of  t h e  model compounds, will form cha rge - t r ans fe r  
complexes r e a d i l y  under appropr i a t e  r e a c t i o n  cond i t ions .  
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